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4 3 — Experiments for-which*theſs 

* ures, were written, was*contrived, 

Fre e Author aboye thirty years ago, and was 
Wee the kun thit we bal In England of y 2 
cConſiderable note. From that time it has been 

. often performed hefore large aſſemblies at the * 

Obſervatory in Trinity College Cambridge; firſt, © 

by the Author in conjunction with Mr, M hiſton, 

at that time Profeſſor of the Mathematicks, then 
by the Author alone, and aſter his deceaſe by 
my ſelf: and on theſe occaſions the Lectures 
were frequently | lent out to * tranſcribed; by 
which means a copy falling into the bands 
of a Bookſeller, was 2 13; a5 ve been print 
ed without my knowledge. By this 3 5 
was induced to preſent the Publick with a cor- 
rect edition of them, 1 from the Author's- 
original manuſcript. 

The general heads of the Courſe and of ihe 
Lectures upon it, may be ſeen at one view in the 
following paper, in which every, article marked 
with a Star, referring to a page in the Bock, is 
the ſubject of a Lecture to be found by that re- 
ference. And the whole deſign, is farther ex- 
plained by the Author in the beginning of bie = 
firſt and twelfth Lectures, where he gives his. 2M 
oo why he judged it needleſs to write b 25 
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THE EDITOR'S 


on the ſubject of any more articles than thoſe 
we have here diſtinguiſhed. 
As to the method in general of teaching Phi- 
loſophy by Courſes of Experiments, (that is, of 
drawing general truths and concluſions from a 
ſelect number of fimple experiments, firſt repre- 
ſented to our er and then explained to our 
underſtandings,) it is now ſo much practiſed 
and a ive by the moſt eminent Profeſſors 
all over er Europe, 2 has ſo greatly contributed 
to the propagation and increaſe of knowledge, 
in the little time it has been duly cultivated, that 
nothing more need be ſaid to ſhew the uſeful- 
neſs and excellency of it: and as to the Lectures 
before us, the general ſatisfaction t 1 hnybt gi- 
ven, to all thoſe curious Perſons who have 

uſed thein in manuſcript, or heard them ad, 
together with the great and eſtabliſhed reputa- 
tion of their Author, will recommend them to 
the Publick, much beyond any thing I can of- 
fer in their commendation. | 

In comparing ſome other Works of our Au- 

thor (a) with the Lectures before us, the reader 
6 will find this remarkable difference in the ſtyle 
| and manner of writing. In thoſe other works he 
is generally ſparing of his wotds and thoughts, 
that he might not ſeem tedious to able Mathe- 
matictans in theſe he is more liberal and dif- 
fuſive in thought and expreſſion, and conde- 
ſcends to clear up every appearance of difficul- 


(a) Harmonia Menſurarum, five analyfis & ſyntheſis per ratio- 
num & angulorum menſuras promotæ, &c. | 
ty, 


PREFACE. t 
ty, as writing either for beginners or for per- 
fonsof common undetſtandings; and he has ren- 
dered theſe Diſcourſes more entertaining and 

uſeful than ordinary, by enlivening the Science 
with a mixture of Learning, and the Hiſtory of 
the Inventions he treats of; in which he has 
been particularly careful to do juſtice, and to 
give the deſerved honour to their ſeveral Inven- 
tors. | 
Two or three noble Truths relating to the 
Pre ſſure of fluids(b), and the conſtitution of the 
Atmoſphere (c), the Author has here demon- 
ſtrated, from the very firſt mathematical Ele- 
ments, with ſach uncommon plainneſs and 
icuity, as cannot fail of giving pleaſure to 

all forts of mathematical Readers. As to the reſt, 
I am much miſtaken if Readers of good ſenſe 
and ſome command of attention, though unſkil- 
led. in Mathematicks, may not go through it with 
as much eaſe and pleaſure, as in reading a piece 
of hiſtory ;. and upon making the tryal, they 
may poſſibly conceive a better opinion of their 
own underſtandings, with regard to theſe mat- 

ters, than ever they did before. 

© Nevertheleſs it may probably be ſurmiſed, as 
_ theſe Diſcoutſes were written on purpoſe to de- 
duce the properties of fluids from aCourſe of Ex- 
periments, actually performed and explained be- 
fore the reading of each Lecture, that therefore 
they may not be ſo well adapted to Readers in 


(0 . e) Legt ir and r. 
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ral, as ta thoſe who have ſeep. that Courſe, or 


ſome other of the ſame kind. It muſt, indeed 
becopfeſled, that the latter Readers would have 
ſome advantage over the former, in as much as 
the Author intending to ſhew the experiments, 
belonging to each Lecture, immediately before 
a reading of it, docs not always deſcribe them, 
ut frequently reaſons. upon them as things al- 
ready ſeen and underſtood. But as I have taken 
due care to ſupply ſuch defects, by giving com- 


pleat deſcriptions of the Experiments in Notes 


referring 5 very good Figutes of the proper Ap- 
e preſi ume! have entirely removed the 
uſpicion abovemention'd;and haverendered the 


lectures as clearly intelligible, and as well adapt: 


ed to the taſteand capacity of all ſorts of reatlers 
in the form they now have, as if the matter of 
the Notes had been every where inſerted in the, 
context of the Lectures, eyen by the Author 


Himſelf, 1 have alſo added here, and. there a. 


few. Mathematical. Ndtes, u pon. ſuch points as 
the Author had but lightly touched upon, or on- 
ly mentioned, but thought improper to be in- 
troduced into popular diſcoutſes. 
When he. exhibited and explained his Inſtru- 
ments for detetmining the ſtate of the weather, 


as Barometers, Thermometers and Hygrome- 
ters of various ſorts, for a Lectute on this ſub- 
ject he conſtantly read Dr. Halley's Account of 


the, rifing and falling of. the mercury in the ba- 


rometer, upon change of weather, as what he per- 


fectiy approved, Withthe Doctor's leave I have 
| [ares 13,” | 2 ts 


therefore 


* 


1422 PREFACE. Is * 
therefore reprinted that excellent Diſcourſe of 
his from dhe Philoſophical Tränſactions, and 

aced it in an Appendix to theſe Lectures: and 

ve added to ita Tranſtauon 01 Sindſaac New- 
ton's Scale of degrees of heat, taken alſo fromithe 
Tranſactions; as directing us, among other 
great curioſities, to ſuch a Conſtruction of Ther- 
mometers, as ſhall cauſe ek 8 to denote the 
ſame degree of heat, thou have ne 
fn actually compared N which = 

© 


meters 1 have yet ſeen. I have therefore fully 


_ deſcribed this Conſtruction at the end of . 


admirable paper. 


For the uſes of ebener Me. Cotes *. ä 
n His 1 chiefly to Mr. Boyles Tracts | 
abject. 


pon that 
rale, 3 in the Lecture upon Capillary: 
Tubes many particulars are wan which 


ſince the Author's deceaſe have been diſcovered : 


and explained by Dr. Turin, his particular 
friend, as well as my own, I could not do better, 
with the Doctor's leave, than cloſe my Appen- 


dix with his very ingenious Diſcourſes upon that N N 
curious ſubject: | 


_ uſeful, I have added an alphabetical Index ** 


and to make the Book more 


— matters contained 1 it. 
, : 7 £ | 
0 x" 1 8 15 7 . v . 2 \ 6 , | \ 
i . ap * Wine 5 % | © y 4 di. 26 
k 2 ö 


. 1 ” 
& « © . 0 „ . 4 4 - * -& * N 
N - l þ Z : þ * 
9 * N 1 1 * g N 1 a 
* 3 & \Y " & + V « * „ * 1 * w » * Th : 
* 4 . ? 4 
” +" * a — 
ct 4 1 = = 4 - 
- 


a4 


perty is {till wanting in all the Thermo- 
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THE HEADS OF THE 


| The heads of # Courſe of Hydroflatical 
and Pneumatical Experiments, as per- 
Hormed at the Obſervatory in Trinity- 


college, Ca MBRI DOE. 


Hydroſtatical tryals and concluſions. 
TH AT fluids gravitate in proprio loco, the 
1 upper parts continually preſſing upon the 
lower; that this preſſure is not only propa- 
_ gated downwards, but even upwards and 
fide-ways, according to all poſſible directions; 
| that a lighter fluid may gravitate upon an 
heavier, and an heavier upon a lighter, * Page 
1. Lect. i. 1 | 
That a fluid may ſuſtain a body heavier in ſpecie 
that itſelf, and even raiſe it up; that a fluid 
may detain a body lighter in ſpecie than 1t/elf, 
and even depreſs it; that à competent pri. 
ſure of a fluid may product the remarkable 
pbænomena of the Torricellian tube, pump, y. 
ringe, fiphon, poliſhed plates, and other effetts 
elbe like nuture. “* Page 10. Led. ii. 


That fluids preſs according to their perpendicu- 
lar altitudes, whatever be their quantities, or 
bowever the containing veſſels be figured; the 
exact eſtimate of all manner of preſſures; 


the invention of the center of preſſure, upon a- 


ny propoſed plain, reduced to the problem of 
inding 


COURSE AND LECTURES. 
finding the center of percuſſion, * Page 22. 
Le. ill 


Of the finking and floating of bodies immerſed in 

- fluids, their relative gravities and levities, 

their 22 and pojitions : the pbænomena 
of glaſs bubbles accounted for. * Page 37. 

IV. 


The bydroſtatical ballance explained, with the 
methods of determining the fpecifick grauvi - 
ties of all ſorts of bodies thereby. * Pag. 48. 

Let. v. | 


The praxis of the bydroſtatical ballance; the ſpe- 
cifick gravities of ſeveral particular bodies 
actually found out; with an account of the 
various uſes of ſuch enquiries. * Page 62. 

vi. | | 


Pneumaticks illuſtrated by experi- 
ments for the moſt part tubular, being 
ſuch as were wont to be made before 
the air-pump was invented. 


THE ſeveral phenomena of the Torricellianex- 
periment exhibited and explained. Page 71. 
Lect. vii. | 

Monfieur Paſcal's imitation of the ſame expe- 

riment by water other experiments of the like 
nature with fluids variouſly combined; the 
preſſure of the air, ſhewn by experiment to be 
_ different at different altitudes from the ſur- 
Jace of the earth, * Page 82, Lect viii. wa 


-"THE'HEADS'OF'THE-: © 
Fir defy and ſpring of the air proved tobe as 
Orc 


e which compreſſes it, and from hence 
2 enguiry is made into the limits and flate 


"of the atmoſphere. * * Page 94- Leck. We: - 
The efe?s of the weight and ſpring of the: air in 


Hringes, pumps, Apbons, poliſhediplates, cup- 
145 14 ſuction, 8 &c. * Page 


Lk FO" 


Infregent for. determining the 8 of the 
C goeathere no 

T be phanomena 4 capillary "cube, zlaſs planes, 

the figures of the ſurfaces of fluids, and other, 
© things relating if the ſame 2 e. 

Page 115. Lect. xi. 


I 


1 he more known properties of he 
air eſtabliſhed by the air-pump, and o- 
ther engines. 


THE airetum. the TE condenfing. 


and transferring air, their fabrick, opera- 


tion, my gages oo ba "age I 26. Left. 
Xii. ' 


. 


Aue, of th rl, feel toe W in 
- which the air is expanded and compreſſed. 
* en and * * * 137. 

Leck xiii. Jews 


4 parcel * air e in * ballance; its ſhe 
el gravity to that i Water. determined 


. . 
me Dodd i439 ge“ thereby : 
eie 
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COURSE-AND'LECTURES, 
© thereby: a ſecond*enquiry into the Nate of the 
atm? Sore. 7 Page 153. Lect. N . 


The weight, t preſſure and bring of the air proved 
N ways; by the ſenſe of feeli ng, by break- 
ing glaſs vials, by the phenomena. 0 bladders, 
_ glaſs bubbles, fountains, the gard ener . 
tering pot, the diving bell, &c. 

Syphons, ſyringes, poliſhed plates, theT; arricellian 
tube in vacuo; quickfruer raiſed. to theuſual 
eig ht of the weather-glaſs by the bare ſpring 
of « a little included air; Otto Guericke! $ 1 
mi ſpberei. 

The ebullition of liquors in vacuo, the ahantity 
of air contained in them, the ſiiſtentation o 
fumes and vapours, the deſcent of bodies in 
VACUO, the refraction of air. 


The more hidden e of the air 


conſidered by the * of. the like en- 


gines, . 


WW «< 


The influenceof the Gir examined as to the cauſes 
of magnetiſm, the elaſticity of ſprings, the 


Sphericity of the drops of fluids, the aſcent +1 
liquors in capillary tubes, 2 reflection of ig of ti 


11 the farther ſurface of glaſſes, &c. 


e influence of the air as to ſounds, fire and 
flame, the conſumption fa wel, * Page 1 6H: 
Lect. xy, 


| 
| 
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THE HEADS OF THE &ec. 


The ect of rarified and condenſed air upon the 
life of ani mali. l 

A piece of phoſpborus in vacuo; Mr, Hauks- 
bee's experiments concerning the mercurial 
phoſphori, and concerning the attrition of bo- 


1 


dies in vacuo. 

The ſame ingenious perſon's. experiments con- 
cerning the vitreous phoſphori : experiments 
relating to the electricity of bodies. 


„ * 


Air ſometimes generated, ſometimes conſumed; 


be nature of factitious girs, «oy ory in Va- 


euo, diſſolutions, fermentations, &c. * Page 
185. Lect. xvii N | 


CONTENTS. 


w 1 ** 


e O N T R N AY 
OF THE 


AP: +20 8 © 


I. THE reaſon of the riſing and falling of the 
mercury in the barometer, upon change 


of weather, by Dr. Halley. Pag. 207. 


II. A ſcale of degrees of heat, by Sir Iſaac New- 
ton: with a conſtruct ion of an uni ver ſal 
Thermometer. Pag. 2 13. | 


III. Ar account of ſome experiments ſhewn before 
the Royal Society; with an enquiry intothe 
cauſe of the aſcent and ſuſpenfion of water 
in capillary tubes, by Dr. Jurin. Pag. 223. 


IV. An account of ſome new experiments rela- 
ting to the action of glaſs upon water and 
quickfitver, by Dr. Jurin. Pag. 231. 
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France and rey = — of the Faith, Cc. To all, to whom 


theſe Preſents ſhall g- Whereas Our Trofty a wellbel 
OBERTSMI . Doc of Lawns Poſer of Aftroripgly and 
imental Philoſophy, in Our Univerſity of ge, has r repre- 
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MF CO TESs. 
HYDROSTATICAL 


AND 
PNEUMATICAL 


LECTURES. 


7 LECTURE 1, 


That fluids gravitate in proprio loco, the upper parts 
- continually preſſing upon the lower ; that this preſſurs 
is not only propagated downwards but even upwards 
and ſideways according to all poſſible directions; that 

aà lighter fluid may gravitate upon @ heavier and - 
heavier _ a Aber. 


FFORE we begin our experiments it may be 

| convenient to give ſome account of the me- 
thod I intend to follow throughout the whole 

courſe, and toallot to each of the four weeks, 

in which I hope to finiſh my deſign, its diſtinct ſhare 
of the tryals, by which I propoſe to make out and 
clear up thoſe truths and concluſions in hydroftaticks 
and pneumaticks, which ſeem to be the moſt funda-' 
mental and of the chiefeſt importance. Hydroſta- 
ticks and pneumaticks have in nature fo near a rela- 
tion to each other, that they ought never to be ſe- 
parated: being therefore both comprehended in one 
courſe, they are diſpoſed into that order which was, 
judged'to be the moſt natural for deducing one con- f 


lequence from another which was proved beſcre, 
9:79 B = ? molt 


2 The preſſure of fluids is Lea. 


moſt eaſy for performing the experiments, thoſe be- 
ing uſually placed together which require a very lit- 
tle different apparatus, and moſt conformable to the 
ſucceſſion of times in which the experiments and 
the truths eſtabliſhed from them appeared in the 
world, 

In this firſt week then I ſhall endeavour to ſettle 
the grounds of hydroſtaticks, and to account for 
thoſe various effects which depend upon the preſſure 
of fluids againſt other fluid and ſolid bodies. This 
ſcience as it began firſt to be cultiyated and was 
brought to a conſiderable degree of perfection b 
the ſagacity of the great Archimedes, ſo is it the mo 
ſolid foundation upon which our modern philoſo- 
phers have built their admirable doctrine of the air's 

: which notion ſeems firſt to have been ſtart- 
ed about an hundred years ago by the famous Gali- 
lzo, and was happily proſecuted by his ſcholar Tor- 
ricellius, and after him by ſeveral of the moſt emi- 
nent Virtuaſi of Europe. Whoever: ſhall attentively 
conſider the ſeveral] phænomena which I: ſhall. this 
week prove to depend upon the gravitation of fluids 
in general, will find it no difficult matter, when we 
comeafterwards to the air, which is a particular fluid, 
and which I ſhall prove to be not devoid of weight, 
as it was formerly thought to be, to explain by the 
gravitation of this ſubtle fluid thoſe once ſurpriſing 
effects which ſo much puzzled the philoſophers, and 
compelled them for concealing their ignorance to 
run into very great abſurdities. 

Having aſſigned to this firſt week the buſineſs of 
hydroſtaticks, in the next I ſhall enter upon pneu- 
maticks, which furniſh us with the knowledge of the 
nature and properties of the air. I need not here in- 
fiſt. upon the uſefulneſs of this ſcience, ſince it cannot 
but be well known to every one, how much all na- 
tural philoſophy depends upon it; there being no 

| | One 


i. propagated every way alike. W 
one body in the world that has a more univerſal in- 
fluence upon the general courſe of nature than the air. 
The famous Torricellian experiment was that which 
- firſt alarmed the Rr world, and his mer- 

curia tube has juſtly been as much celebrated for o- 
pening the way to pneumatical diſcoveries, as his 
maſter Galilzg's optick tube has been for the ad- 
vancement it has made in aſtronomy, After Torri- 
cellius many Talian, French and Engliſh gentlemen 
made ſeveral other, for the moſt part, tubular expe- 
riments, to illuſtrate and confirm the doctrine of the 
air*s preſſure before the air-pump was invented, I 
have. therefore in the ſecond week propoſed to exhi- 
bit thoſe tubular experiments which were commonly 
made before the air-pump was uſed, adding to them 
ſome others of the like nature that have ſince thar 
time been thought on. 4 1 

In the third and fourth weeks I deſign to repeat 
the principal experiments that are wont to be tried 
with the air-pump and condenſer, ſuch of them at 
lealt as the apparatus of inſtruments which we have 
at preſent are capable to exhibit. For though our air- 
pump be as commodious as any that has yet been 
made, yet our condenſer is not ſuch as I could wifh, 
for, and I hope ſome time or other to be furniſhed 
with an engine which will perform both parts with 
more advantage than can be expected from our pre- 
ſent inſtruments, and that the reſt of our apparatus 
may be ſo enlarged as to afford us a greater plenty 
of experiments. In our third week then intend to 
make ſuch tryals as ſeem to be moſt pertinent for e- 
ſtabliſhing the principal properties of the air, ſuch 
as its weight, ſpring, preſſure, reſiſtance, refraction z 
EX 2 by chef: properties ſeveral remarkable 
effects. Now though ſome of theſe properties will be 
deduced from the tubular experiments of the forego- 
ing week, yet] ſuppoſe that nobody will be __ | 

* B 2 e 
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ed to ſee ſuch things, which were once and not long 
ago very much controverted, made out by more 
ways than one, 

o the fourth and laſt week I have allotted ſuch 
experiments as ſhew ſome very notable effects of the 
air, which depend upon more hidden praperties than 
thoſe explained in the third week. Amongſt theſe 
we may reckon the experiments upon the life of a- 
nimals, upon flame, and others of that nature. And 
becauſe ſeveral effects have been by philoſophers a- 
ſcribed to the air which do not belong to it, I defign 
at the ſame time to confute thoſe errors by matter of 
fact and experience. This is the method which I have 
propoſed to myſelf in our preſent courſe of experi- 
ments. 

Omitting then all further preliminaries, let us be- 
gin with hydroſtaticks. The ſignification and reaſon 
of the name need not here be explained, nor need I 
tell you that by hydroſtaticks is now commonly un- 
derſtood that part of natural philoſophy which con- 
ſiders the equilibrium and preſſure of fluids in gene- 
ral, though that word ſeems to be reſtrained to wa- 
ter, which is a particular fluid and the moſt obvious 
of all others, and by means of which we ſhall make 
out moſt of our following concluſions. For whatever 
can be proved by experiments and reaſon to belong 
to any one body which is both fluid and heavy, upon 
account of its being fluid and heavy, muſt belong to 
all other bodies which are fluid and heavy. If a due 
caution be obſerved, we may very ſafely be allowed 
to draw general concluſions from experiments, which 
— 9 otherwiſe be made but upon particular bo- 

ies. 

Fluidity and gravity being the qualities which are 
of great concern in hydroſtaticks, it wilt not be a- 
mils ta fay ſomething concerning each of them in 
this place. It is beſide our purpoſe to enquire into 

Oey ; | fte 
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the cauſes of theſe two properties of bodies; I ſhall 
only obſerve of fluids that they are ſuch whoſe parts 
yield to any force exerciſed upon them, and by yield- 
ing are eaſily put in motion amongſt one another. 
But whence this diſpoſition ariſes of giving way to, 
and being moved by every the leaſt impreſſion is a 
problem not readily to be ſolved; I had rather whol- 

ly paſs it by than propoſe uncertainties about it. The 
famous materia ſubtilis has been a conſtant refuge to 
our modern philoſophers as well in this as in all other 
difficulties, bac that way of juggling does nq at 
laſt very juſtly begin to be out of credit, and ought 
altogether to be laid aſide, till ſufficient reaſons can 
be produced for its admittance. 

Gravity is well known to be the endeavour and 
tendency of bodies towards the center of the earth. 
It is a property of ſo univerſal an extent that no one 
body in the world is yet known to be without it; not 
air, which as I ſhall afterwards ſhew, may be weigh- 
ed in the balance; nor fumes and vapours, which 
ſeem to be lighter than air itſelf by their aſcending 
in it, as I ſhall prove by experiment; and the excel- 
lent Mr. Boyle has found out ways to make even 
flame itſelf ponderable. th 

Now though moſt men without any difficulty al- 
low thus much, that water and other fluids are really 
ponderous, and do actually gravitate when taken as 
a whole body, being convinced by their ſenſes that 
a veſſel weighs leſs when empty than when filled 
with any fluid, and weighs ſtill more as it contains 
more of the fluid, yet notwithſtanding this, many 
eminent men have found much difficulty to believe 
that : the parts of fluids do gravitate in proprio loco, 
as they ſpeak, or upon one another. It would be 
endleſs and tedious to go about to enumerate the 
ſeveral prejudices which have been the occaſions of 


this error among the philoſophers, whilſt they have 
— B 3 choſen 
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choſen rather to oppoſe any truth which came in 
their way, than forſake the opinion however falſe 
they had once reſolved to adhere to. But ſince this 
error if admitted muſt of neceſſity ſubvert the foun- 
dations of all hydroſtaticks, and the contrary truth 
js that by which moſt of our following concluſions 
mult be explained, I ought not to proceed any fur- 
ther till I have cleared up this matter. 
* It is evident from daily experience that in any 
fluid the weight of the whole 1s equal to the weight 
of all its parts, of what magnitude or number ſo- 
ever thoſe parts are ſuppoſed to be; and if any part 
be taken from the whole the weight of the whole 
will be diminiſhed by the weight of that part ; if 
any part be added to the whole the weight of the 
whole will likewiſe be increaſed by the weight of the 
Part which was added, and it ſeems from hence to be 
a reaſonable concluſion that the weight of the whole 
is compoſed of the weights of the ſeyeral parts, 
and that the parts do therefore gravitate even 1n the 
whole or, according to their way of expreſling it, 
in proprio loco. Notwithſtanding ſo obvious and ne- 
ceſſary a deduction, the appoſers of it have been 
ſubtle enough to elude the truth by a diſtinction 
which they have invented. They grant that the 
parts do by an united action 98 the gravitation 
of the whole, but deny that: they do ſingly and ſe- 
rately gravitate in proprio loco, ſo as to compoſe 
y that means the whole gravitation. Whenever it 
can be clearly made out that a number of agents 
may jointly produce an effect, whilſt each ſingly 
contributes nothing to that effect, it may then be 
time to anſwer this ſubterfuge. | 
| Notwithſtanding ſo neceſſary and obvious a de- 
duction, there have been two grand arguments u- 
ſually produced againſt the doctrine we aſſert, 
which if anſwered will alſo render the reſt of the 
| | _._ objetions 
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objections invalid, they being for the moſt part re- 
ducible to the one or other of thoſe two. It is an 
experiment obvious to every body that a bucket 
full of water is lighter in the water than out of it, 
nor does it weigh more when full in the water, than 
when empty out of it; therefore they conclude 
that the water in the bucket becauſe it is within 
water, its on element, does not gravitate. The o- 
ther inſtance is taken from divers, who are ſaid to 
feel no ſenſible preſſure under water, though they 
often deſcend to very great depths; therefore they 
again conclude that the parts of water do not gravi- 
tate nor conſequently cauſe any preſſure in proprio 
loco. Now granting the matter of fact to be true 
in both theſe caſes, though it may juſtly be que- 
ſtioned as to the buſineſs of diving, yet till they 
can prove that theſe matters of fact are no other 
way to be accounted for than by that which they 
have propoſed, their inferences can by no means 
be allowed them. I ſhall take an opportunity whilſt 
we are upon hydroſtaticks, to give the true reaſon 
why the weight of the water in the bucket oughs 
not to be perceived whilſt the bucket is in water, 
though it do really at that time retain all its weight 
which it has when taken out of the water. And as 
to divers, though we allow that at the depth of 
thirty two feet under water, they have upon the ſur- 
face of their whole bodies a more than ordinary 
preſſure of twenty thouſand pounds weight, yet when 
we confider the uniformity of that preſſure and its 
equability, which cauſes no diſlocation of.parts, all 
the external being equally affected with it, and 
being internally ſupported by the air and other ela- 
ſtick fluids, which conſtantly endeavour the more 
to expand themſelves as they are more compreſt, 
when we alſo conſider the firm texture of the mem- 


branes and other ſolid parts of human bodies and 
| SS the 
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the incredible force they are able to bear, as has 
been made evident by experiments, we ſhall not 
much wonder that divers complain of no ſenſible 
pain though they be certainly preſt with ſo great a 
weight of water, beſides the ordinary preſſure of the 
air which our bodies are continually expoſed to, 
which is equal at leaſt to that of water at the depth 
of thirty two feet, or twenty thouſand pounds: ſo 
that the whole preſſure to which a diver is expoſed 
at thirty two feet under water, is about forty thou- 
ſand pounds. Since then we have proved that fluids 
do gravitate in proprio loco, and theſe difficulties do 
not deſtroy that aſſertion, as the propoſers of them 
would make us believe, when they tell us they can- 
not otherwiſe be explained, what has been hitherto 
faid might be taken for a ſatisfactory anſwer to the 
objections ; yet becauſe this truth is of ſo great mo- 
ment I will endeavour to confirm it by two experi- 
ments levelled againſt thoſe two objections, ſhewing 
by the firſt of them that fluids loſe nothing of their 
weight in proprio loco (a) and by the ſecond that the 
lower parts of fluids are preſſed by the upper, and 
, commu- 


( ) Fluids loſe nothing of their weight in proprio Hoco. 
xy. 1. FIC. 1, repreſents a roundiſh glaſs bottle, thick e- 
nough when empty to fink in water, with a ſtop- cock cemented 
to the mouth of it; whereby a quantity of air may be taken out 
of the bottle by an air-pump, and be hindered from returning by 
ſhutting the cock; in order to give paſſage and room to a quan- 
tity of water, equal in bulk to the exhauſted air, as ſoon as the 
cock ſhall be opened under water contained in a larger veſſel. 
The air being exhauſted, let the bottle be ſuſpended by a wire 
to the beam or ſcale of a ballance, and let it be exactly counter- 
poiſed in the air by the weight A in the oppoſite ſcale. 
Again when the bottle is ſuſpended in a veſſel full of water and 
wholly immerſed, let it be counterpoiſed by a weight B, after A 
is takenaway and reſerved. Hh 
Then having opened the cock under water, to let it run into the 
bottle, after the running is over let a third weight C together with 
B reſtore the equilibrium of the ballance. | : 
| | t 
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communicate that preſſure to bodies expoſed to their 
contact. I will alſo add other experiments to prove 
that the preſſure cauſed by the gravitation of fluids, 
is not only propagated downwards but even upwards 
and ſideways according to all poſſible directions, (6) 
that a lighter fluid may gravitate upon a SE, 
and a heavier upon a lighter, (c) 


Ie is plain then that C is the weight of the water let into the bot- 
ay even while it communicates with the water in the veſſel. 

ſhut up this water in the bottle by turning the cocle 

TT take the bottle out of the water, and while it 

in air at the beam of the ballance, take the weight B from 

the ſite ſcale and reſtore A in its ſtead, then will weights 
A and Cexactly counterpoiſe the bottle and the water within it. 

Which ſhews that this water weighs juſt as much in air as it 

ee (in proprio loco or) in the water of the veſſel, the cock 


eres cate y wer of a fluid and is pro- 
every way ali 
N 2. Fi. 2, 3, 4, repreſent tubes bent near their lower 
ends into various angles They were firſt filled at their lower ori- 
fices with quickſilver, which reſted i = the longer legs upon a level 
with thoſe. orifices, and then were di into a deep glaſs veſſel 
filled with water, which while the were deſcending, 
ally preſſed the quickſilver from the lower orifices to the 
higher, where the water could not enter. 

To ſhew that preſſure is pro ed even upwards as well as all 
other ways, dip an open end of a very narrow-bored tube into 
uickſilver, then ſtopping the upper end with your finger, lift up 
the tube, and a ſhort column of the quickſilver will hang in the 
lower end, which column when dipped deeper into water than 
about fourteen times its own length, will not only be ſuſpended 
but even 18 upwards, after your finger is removed from the 


Hs); A letter fluid may gravitate upon a heavier, and a heavier 
upon a lighter. The firſt part of this tion has juſt been 
proved by the foregoing iments, and if any oyl that is light- 
En ee into the lower end of a bended tube, it will 
reſſed by the water in the veſlel, and forced from the 
4 towards the higher. 0 
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LECTURE II. 

That a fluid may ſuſtain a body heavier in ſpecie than 
itſelf and even raiſe it up, that a fluid may detain a 
body lighter in ſpecie than itſelf and even depreſs it, 
that a competent preſſure of a fluid may produce the 
remarkable phenomena of the Torricellian tube, 


pump, ſyringe, ſyphon, poliſhed plates and other effetts 
of thelike nature. 


8 it was proved that fluids retain their 
gravitation in proprio loco, and by that gravi- 
tation preſſed upon bodies expoſed to their con- 
tact, that this preſſure is not only propagated down- 
wards, according to the tendency of heavy bodies, 
but alſo upwards and ſideways according to all man- 
ner of directions. | | 
Ideſign this day to make ſome farther experiments 
concerning the preſſure of fluids, by whichl ſhall en- 
deavour to demonſtrate ſome of its more general 
effects; reſerving the particular and exact eſtimate 
of all manner of preſſures to my next lecture. In the 
choice of this day's experiments I have had regard 
to ſome of the moſt obvious and notable phænome- 
na, that are now a-days explained by the air's tp 
vitation 3 ſuch as the ſtrong coheſion of poli 
Plates, the ſuſpenſion of quickſilver in weather- 
glaſſes, the effects of ſyringes, pumps and ſyphons. 
It we can make it appear, that thefe things not only 
may depend upon the gravitation of a fluid, but muft 
neceſſarily be the conſequence of ſuch a gravitation, 
and can aſterwards prove, that the air itſelf is a gra- 
vitating fluid, and can determine the proportion of 
its ſpecifick weight to that of any other fluid, it will 
be no difficult matter from theſe things laid toge- 
ther, to evince directly, that the preſſure of the air 
is the cauſe of thoſe phænomena, and ſeveral 3 
1 O 
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of the like nature. Let us then conſult experience, 
and try whether any thing analogous to what I have 
been mentioning; be the reſult of that preſſure, 
which is cauſed by the gravitation of fluids ( _ = 


4 Here the author made the following experiments and ex- 
Pia in the ſequel of his lecture. 9 | 
Exe. 1. In Flo. 7. 43 repreſents a large round plate of thick 
mein ther, is a 
plied ſo cloſe to the orifice c uf the inner veſſel; as to hinder 
entjnnenct the water e ea op rhe yas 
be bed tight again e {aid orifice, by pulling the wire e fixed to 
the plate, till it be immerſed to a ſufficient depth of water in the 


outer veſſel, the plate will be ſuj by the preſſure of the'wa- 

ter acting the hand be taken from the wire. The 
in of the inner is made broad enough to bang upon the 
in of the outer. 


: . has already been defcribed, Page 9. Nate TB Se#. 4 
Ex. 3. Fis. 8, repreſents a ſmall glaſs cup having a flat woad- 
en bottom, well planed and fixed to the glaſs with cement. Upon 
this bottom place a thick wooden plate, whoſe under ſurface is 
well planed, and preſs it againſt the bottom with your | 
quickfilyer is poured into the cup ſo as almoſt to fill it. take 
away your fingers, and the wooden plate will ſtill be detained at the 
bottom, until you disjain it bypulling the pin fixed to the middleof it. 
Exy.4.F1G. g. An fort of oyl ligh than water, is red, 
into the ſhorter ro a tube bent lel to the longer, 
while the tube deſcends gradually into a veſſel fall of water, the 
oyl will deſcend into the ſhorter leg and aſcend in the longer. 
Ex. g. Twocylindrical cups containing tinged water, whoſe 
ſurface is about an inch higher in one than in the other, are placed 
within a larger glaſs veſſel, whoſe bottom is levelled with bees wax 
that the cups may ſtick to it arid ſtand upright. Into the tinged wa- 
ter in the cups put the legs of a glaſs fiphon, having an open pipe 
inſerted into the middle of it, as reprefented in FO. 11, and put a 
wooden cover aver the veſſel, ang I in its center to regaive 
this pipe and keep it upright ; then through a funuel, inſerted into 
— 2 hole in the cover, pour oyl of turpentine into the larger vel- 
ſel, till it flows into the cups and riſes above the arch of hs 
The pteflure of the oyl upon tlie tinged water in the cups, will caaſe 
the water to paſs through the ſiphon from the higher cup 19 the 
_— till the ſurfaces of the water be reduced to a level in both 
cups. Lanig | 
Exe. 6. The laſt iment berry explicable, is applied 
to explain the effect of a common ſiphon, 2 


I2 Various effects of Lect. 

Theſe experiments will need ſomething of an ex- 

plication; I ſhall therefore give the reaſon why the 

events ought to be ſuch as we have ſeen, and after- 

wards infer thoſe conſequences which I told you were 

the principal motives that induced me to make theſe 
als. 

The cauſe of the firm adherence of the braſs plate 
to the orifice of the glaſs to which it was applied, is 
this; that the parts of the water immediately conti- 
guous to the under ſurface of the plate, were very 
much preſſed by the water which was above the le- 
vel of the under furface of the plate, and which ſur- 
rounded the glaſs to whoſe orifice the plate was ap- 
plied, that ſuperior and ambient water communi- 
cating a preſſure downwards to thoſe parts upon the 
ſame level which were directly under it, and theſe 
again laterally communicating the preſſure they had 
received, tothe other parts upon the ſame level which 
were immediately under and contiguous to the plate. 
For if the parts of the water contiguous to the plate 
were not as much preſſed as the others upon the 
ſame level, which were directly under the ambient 
water, they could not by reaction be able to ſuſtain 
the preſſure of the others, but would give way to the 
admittance of a further preſſure, which muſt for this 
very reaſon be increaſed till both came to an equi- 
pollency. The water immediately contiguous to the 
under ſurface of the plate being thus preſſed, by com- 
municat ing its preſſure upwards cauſes this ſtrong 
union of the plate and the orifice of the glaſs, not- 
withſtanding the weight of the plate by which it en- 
deayours to deſcend and to be diſunited; which we 


but a bended pipe, whoſe ſhorter leg bein into any liquor . 
and your m being applied- to the — * to ſuck 2 ſome 
Lquor, the reſt will continue to aſcend in the ſhorter leg and de- 
ſcend through the longer, till the whole be exhauſted from the 

| ſaw 
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ſaw it actually did effect when it was not ſo deeply 
immerſed, and had not ſo great an altitude of wa- 
ter as was able to cauſe a ſufficient reſiſtance. 

Now to know what depth of water is able to cauſe 
a ſufficient reſiſtance, we ought to know the weight 
of the plate and whatever elſe is annexed to it, as in 
our caſe the wire and the leather which covers its up- 
per ſide. We mult then immerſe it ſo deep at leaſt 
that the perpendicular diſtance of the under ſurface 
of the plate and upper ſurface of the ambient water, 
be equal to the height of a column of water, whoſe 
baſe is equal to the under ſurface of plate, and weight 
equal to the weight of the plate with whatever is 
annexed to it. For then the preſſure of the water a- 
gainſt the plate will be a ballance to the weight of 
the plate againſt the water, as may (among other 
ways) be thus made out. 

Every part of water which is directly under and 
contiguous to the plate, receives and communicates a 
preſſure equipollent to that of every equal part of 
water upon the ſame level, which is directly under 
the ambient water, as hath been proved before; now 
theſe parts which are under the ambient water receive 
their preſſure from the weight of the column of wa- 
ter, which is perpendicularly incumbent on them, 
and by their reaction ſuſtain that weight, therefore 
the preſſure which every one of theſe parts receives 


and communicates, is equipollent to the weight of 


its reſpective ſuperior column; ſince then the parts 
of water contiguous to the plate, which are equal 
to thoſe we have been ſpeaking of, receive and 
communicate the ſame degree of preſſure, the preſ- 
ſure of theſe alſo will be equipollent to the weight 
of a like column of water; and the ſum of their preſ- 
ſures or the force with which they dounitedly ſuſtain 
the plate, will be equipollent to ſo many ſuch, co- | 
lumns as there are parts of water contiguous = | 
the 
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the under ſurface of the plate. Now all thoſe co- 
lumns together are equal to a cylinder or column 
having that under of the plate for its baſe, 


and the icular diſtance of that under ſurface 


of the plate and upper ſurface of the water for its 
altitude. If therefore the weight of that cylinder 
be any thing greater than the weight of the plate, 

the plate' will be ſuſtained; if the plate be not ſo 
deeply immerſed that the weight of the cylinder be 
at leaſt equal to the weight of the plate, the plate 
will be digjoined, by its exceſs of weight, from the 
orifice of the glaſs; if it be deeper immerſed, the 
preſſure of the water will by its exceſs of weight, be 
more than ſufficient to ſuſtain it. 

The ſpecifick gravity of braſs to that of water is 
nearly as eight is to one, I mean that bulk for bulk 
braſs is about eight times heavier than water; there- 
fore the weight of a cylinder of water will be equal 
to the weight of a cylinder of braſs, if their baſes be 
equal and the altitude of the water be eight times as 
great as the altitude of the braſs. Hence we may con- 
clude that our plate which is of braſs, ought to be 
immerſed under water at leaſt eight times its thick- 
neſs, to be ſupported by the water, For the fame rea- 
ſon a plate of pure gold, which is the moſt ponderous 
body we meet with, would require near twenty times 
its thickneſs. Upon this account it was that Mr. 
Boyle propoſed one of his hydroſtatical paradoxes in 
theſe words, That a ſolid body as ponderous as any yet 
known, though near the top of the water it will ſink by 
its own weight, yet it be placed at a greater depth 
than that of twenty times its thickneſs, it will not ſink, 
if its deſcent be not aſſiſted by the weight of the incumbent 
water. | 

The other experiment in which the quickſilver 
which is yet heavier than braſs, was ſuſtained by 
water, which is a fluid about fourtgen _— | 

cally 
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fically lighter, is explicable the ſame way. I will 
therefore only take notice that, whereas Þ aſſerted 
before that an heavier body immerſed in a fluid may 
be either immerſed ſo deep as to be juſt ſuſtained, 
or more than juſt ſuſtained, or ſo as to be not quite 
ſuſtained, according to the different weights of the 
body to be ſuſtained and the column of the fluid 
that was before deſcribed, the truth of the aſſertion 
is in this experiment very manifeſt. For when we 
immerſed: the quickſilver to a juſt depth, we ſaw it 
reſt in the pipe without either aſcending or defcend- 
ing; if the pipe were thruſt deeper, the quickſilver 
in it was impelled upwards by the force of a more 
than ſufficient preſſure of the fluid; if the pipe were 
raiſed up above that juſt depth, the quickfilver by 
its exceſs of weight would in part fall out. This 
experiment will never ſucceed unleſs the pipe which 
contains the quickſilver be of a very narrow bore z 
for if it be not ſo, the water will get a paſſage by 
the ſide of the quickſilyer, and this changing of 
places will ſoon fruſtrate the event. 

The experiment of the wooden plate remaining 
at the bottom of the veſſel filled with quickſilver, 
Vvould poſſibly appear ſtrange to ſome who are un- 
acqua inted with the true principles of hydroſtaticks, 
and prejudiced with the falſe notion of poſitive, real 
or abſolute levity. For if that imaginary levity were: 
indeed the cauſe why light bodies. aſcend” in fluids 
leſs light than themſelves, we ſhould be utterly at 
a loſs in explaining this phznomenon; For what 
reaſon can we aſſign why the wooden plate by the 
force of its imagined levity ſnould not in this caſe, 
as well as in all others, make its way through the bo- 
dy of the quickſilver, which is by ſo great odds lefs/ 
light than itſelf. Bur if this poſitive levity be rejected 
as we ſnall afterwards give further proof that it ought 
to. be (there being no ſach thing im nature as a poſi- 
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16 Various effects of Lect. 
tive levity of bodies) and the gravitation of fluids be 
be admitted, which-we have already ſhewn to be con- 
ſonant to reaſon and experience, this difficulty will 
inftantly vaniſh. For it cannot but be evident that the 
late ought always to remain at the bottom, unleſs it 
diſplaced and impelled upwards by ſome adventi- 


tious force, which in our caſe does not happen, the 


ickſilver not being able to inſinuate itſelf between 
the plate and the bottom upon which it reſts, nor 
conſequently by its preſſure upwards, againſt the 
under ſurſace of the plate, to remove it to the top, 
which we ſaw it did immediately effect when we 
permitted it to intervene. It would be yet more 
difficult from the principle of poſitive levity to give 
any account why the plate does not only emerge 
of itſelf, but requires even a conſiderable force to 
disjoin it from the bottom. It is manifeſt that this 
cannot otherwiſe be accounted for, but muſt be a- 
{cribed to the gravitation and preſſure of the quick- 
filver incumbent upon the plate. The force requi- 
ſite for their ſeparation being greater or leſſer ac- 
cording as there is a greater or leſſer depth of 
quickſilver to hinder their ſeparation. | It may per- 
haps ſeem more ſtrange to ſome, as it was a moſt 
perplexing difficulty to the famous Dr. More, that 
immediately upon their ſeparation there ſhould be 


-not only no further need of any force to raiſe up the 


Plate to the top, but that of itſelf it ſhould very 


violently emerge; whereas immediately upon their 
ſeparation, when it firſt begins to aſcend, there is 


ſtill almoſt as great a weight of incumbent quick- 
filver to depreſs it, as before the ſeparation there 
was to detain it. If we ſay it is raiſed upwards by 
the quick ſilver which intervenes upon the ſepara- 
tion, and that this intervening quickſilver receives 
the preſſure, which it communicates upwards to the 
wooden plate, from the reſt of the quickſilver — 
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1 the preſſure of fluids, 17 
the veſſel, which is not perpendicularly incumbent 
on the plate, but which ſurrounds that incumbent 
quickſilver, being contiguous to the ſides of the 
veſſel, and reſting upon that annular part of the 
bottom, which 1s not covered by the plate; the 
Doctor will here urge a further difficulty, and will 
tell us, that the preſſure upwards cauſed by the 
weight of the ambient quickſilver can by no means 
equal, much leſs exceed, the preſſure of the in- 
cumbent (beſides the weight of the plate) that 
being in quantity much leſs than this; ſo that here 
he ſuppoſes he has found out ſome work for his 
Principium Hylarchicum or his Spirit of Nature. 
What has been already ſaid in theexplication of the 
firſt experiment, may be a ſufficient ſolution of this 
difficulty ; for it was there proved that the force with 
which the braſs plate was ſuſpended, was equal to the 
weight of a cylinder of the fluid in which it was im- 
merſed, whoſe baſe was equal to the area of the plate, 
and altitude equal to the perpendicular diſtance of 
the under ſurface of the plate and upper ſurface of the 
fluid, of what breadth ſoever the ambient fluid were 
ſuppoſed to be: which paradox ſhall be further ex- 
plained and experimentally illuſtrated at our next 
meeting. In our preſent caſe then, the force which 
impells the wood upwards, is equal to the weight of a 
cylinder of quickſilver having the under ſurface of 
the wood for 1ts baſe, and the perpendicular depth of 
that under ſurface for its altitude; which weight does 
evidently exceed that of the incumbent quickſilver 
and plate together, juſt as much as the weight of the 
wooden plate itſelf falls ſhort of the weight of an e- 
qual bulk of quickſilver. Quickſilver is fitter to be 
uſed in this experiment than water, becauſe it does 
not adhere to or wet wood as water does, and cannot 
therefore ſo eaſily inſinuate itſelf between the plate 


the bottom upon which it reſts, | 
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The next experiment that was tryed, was propoſed 
to evince the ſame thing with this laſt, that fluids may 
detain and even depreſsa ſpecifically lighter body than 
themſelves; there was only this difference, that in the 
former the ſpecifically lighter body was a ſolid, and 
in the latter a fluid. I ſhall paſs over the explication 
of the latcer, preſuming that by this time the reaſon 
of it is ſufficiently obvious. 


© You may remember we immerſed two pipes of dif- 
ferent-bores in a veſſel ofquickſilver, FIG. 10, then 


pouring on water which could not get into the pi 
their upper orifices being above the water and their 
lower under the quickſilver, the quickfilver was ſeen 
to aſcend in the pipes above the level of that in the 
veſſel to the fame altitude in both, This effect is an 
eaſy and plain conſequence of the gravitationand preſ- 
ſure of water upon the quick ſilver. For it we imagine 
a plane, parallel to the horizon, to paſsby the under o- 
rifices of the pipes, it is certain that theſe fluids cannot 
reſt in any poſition tillevery equal part of this imagi- 
nary plain doth ſuſtain an equal preſſure with the reſt, 
as has been proved before; now the parts of this plane 
which are directly under the orificesof the pipes, can - 
not ſuſtain an equal preſſure with the reſt, unleſs the 
quickſilver be ſuppoſed to aſcend ſo much in the pipes 
as to ballance that exceſs of water which preſſes upon 
the other parts; and although it might ſeem at firſt 
ſight that a leſſer height of quickſilver would be ſuf- 
ficient for this purpoſe in the larger pipe than in the 
ſmaller, a leſſer height of quickſilver in that being e- 
quiponderant to a greater in this, yet in reality it is 
quite otherwiſe, and the heights in both ought to be e- 
qual. For though there is a greater weight of quick- 
ſilver in the larger pipe, yet we muſt at the ſame time 
conſider, that this greater weight has a proportiona- 
bly greater part of the imaginary plane to communi» 
cate a preſſure to, 
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il. the preſſure of fluids. 19 
We are now come to that ingenious experiment 
firſt propoſed by M. Paſchal to manifeſt that the ef- 
fe of a ſyphon may depend upon the gravitation of 
a fluid. We ſaw it with our eyes and can therefore no 
longer doubt of it, that the weight and preſſure of the 
oyl cauſed the tinged water to take its courſe from the 
higher veſſel into the lower through the bended pipe. 
But that you may have the evidence of reaſon as well 
as of ſenſe, I will give you that excellent author's 
own explication of this matter, after I have told you 
that he inſtead of our tinged water made uſe of quick- 
ſilver, and inſtead of our oyl of turpentine he tried 
his experiment with. water. We are to obſerve, 
ſays he, that the oyl gravitating upon the tinged 
water contained in each veſſel, and not all upon that 
which is contained in the legs of the ſyphon, it comes 
to paſs that the water in the veſlel is compelled by 

the weight of the oyl, to aſcend in each leg to the 
top of the ſyphon, and there a ſort of conflict muſt 
happen betwixt the two aſcending columns, each 
preſſing againſt the other, and that will neceſſarily 
prevail which has the greater force. Now which has 
the greater force may eaſily be determined, for ſince 
the oyl has the greater altitude above the lower veſ- 
ſel by an inch, it muſt more powerfully elevate the 
water of the longer leg, than that of the ſhorter by 
the force which an inch of altitude gives to it. Whence 
it ſeems at firſt ſight to follow, that the water oughc 
to run from the longer to the ſhorter leg. But we 
muſk at the ſame time conſider that the weight of the 
water in each leg reſiſts the effort of the oyl to raiſe 
it up, but both do not reſiſt equally, for the water in 
the longer leg has a greater altitude by an inch, and 
ſo makes a greater reſiſtance by the force which an 
inch can give it. In the longer leg the water is more 
powerfully elevated by the force of an inch of oy], 
| C 3 and 
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and its aſcent is more powerfully hindered by the 
force of an inch of water; now an inch of water is 
more ponderous than an inch of oyl; therefore the 
water of the ſhorter leg abſolutely ſpeaking is elevat- 
ed with a greater-force, and conſequently it ought to 
aſcend, and continue to aſcend till the water in both 


veſſels comes to a level. (b) 


From hence it appears that the reaſon of the high- 
er veſſeP's emptying itſelf into the lower, is that the 
water is heavier in ſpecie than the oy]. The contrary 
would happen if the ſyphon and the veſſels into 
which it is immerſed were filled with oyl, and all 
were immerſed in a veſſel of water; for then it would 
come to paſs that the oyl of the lower veſſel would 
aſcend, and paſſing by the top of the ſyphon would 
deſcend into the upper veſſel, upon the account which 
T have juſt now mentioned. For the water preſſing 
continually upon the oyl in the lower veſſel with a 
greater force, ſince it has by an inch a greater alti- 
tude, and the oyl of the lower leg gravitating and re- 
ſiſting more by an inch of altitude, it muſt needs 
come to paſs, ſince an inch of oyl weighs leſs than 
an inch of water, that the oyl of the lower leg ought 
to be more forcibly elevated than the oyl of the 


higher, and therefore the courſe muſt be from the 


lower veſſel into the higher. Upon the ſame ac- 
count if the ſy phon were filled with a liquor of the 
ſame gravity with water, no flux would enſue but 
all things would remain at reſt. 

From 


] The author has here given us M. po fal explication of his 
own experiment, but in common diſcourſe I remember he explain- 
ed it as follows. 

In F16. 11. Suppoſing the legs of the ſyphonto be really equal, 
or which comes to the ſame, ſuppoſin RR 2000s to paſs 
be equal! ok cup th 2 
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From theſe experiments I might now in a few 
words and very eaſily deduce thoſe inferences, for 
whoſe ſake they were chiefly propoſed, were they 
not already too obvious to be inſiſted on. I will 
therefore only mention them. Suppoſing then the 
air to be an heavy fluid, and that the ſurface of the 
earth is as much preſſed upon by this fluid as if it 
were every where covered with quickſilver to the 
height of about 29 inches and an half, or with water 
to the height of about 34 feet, as we ſhall hereafter 
prove; if in the firſt experiment, Fic, 7, we ſubſti- 
tute air inſtead of water, and inſtead of the plate of 
braſs 1 to the orifice of the glaſs veſſel, two po- 
liſhed planes applied together ſo cloſely as to exclude 
the air from getting between, the lower plane muſt 
of neceſſity be preſſed againſt the upper and kept ſuſ- 
pended. So in the laſt but one of theſe experiments, 
in which the quickſilver was raifed above its level in 
the two pipes, Fi o. 10, if we ſubſtitute the body of 
a pump for either of thoſe pipes, water in the well 
for quick ſilver in the veſſel, air incumbent upon the 
water in the well for water incumbent ypon the quick- 
ſilver in the veſſel, and obſerve that as the water in 
our experiment was hindered from entering into the 


tinged water within the legs ; but other equal parts of this plane on 
the outſides of each leg, will be unequally age; by their incum- 
bent columns though of equal altitudes ; uſe the columns of 
the higher cup c of more water and leſs oyl than thoſe of the 
lower. The heavier columns will therefore preſs up the higher wa- 
ter into the leg in its cup, with greater force than the lighter co- 
lumns can preſs up the lower water into the leg in its cup, and the 
exceſs of the former preſſure above the latter will drive the wa- 
ter along the ſyphon from the higher cup to the lower. 

This exceſs of preſſure, which cauſes the flux, is therefore as the 
difference in weight of two columns compoſed of water and oyl, 
whoſe common baſe is equal to the orifice of the ſyphon, and com- 
mon height is the difference of the heights of the water in the cups, 
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pipe by the ſides of the pipe, ſo the air is excluded 


from the cavity of a pump by the ſides of the pump 
and the ſucker; it will be clear to any one, that wa- 
ter may aſcend, by the preſſure of the external air 
upon the ſurface of the water in the well, to the 
height of about 34 feet. The ſyringe is a little pump 
as the pump is a greater ſyringe, what has been ſaid 
of the pump may therefore be applied to the ſyringe. 
The caſe is very nearly the ſame with the Torricel- 
lian tube, barometer, or weatherglaſs, in which the 
quickſilver uſually aſcends to 29 inches and an half; 
that height of quickſilver being equiponderant to 
34 feet of water. This alſo may be taken notice of, 
that as in our experiment the quickſilver aſcended 
to the ſame height in both pipes, though of unequal 
diameters, ſo in pumps and barometers the altitude 
of the liquors is not altered by any difference of their 


| bores, The laſt experiment is ſo particularly fitted 


to the common ſyphon that any one may make the 
application, 


LECTURE III. 


That fluids preſs according to their perpendicular alli- 
tudes, whatever be their quantities or however the 
containing veſſels be yi the exatt eſtimate of all 
manner of preſſures ; and the invention of the center 


of preſſure upon any propoſed plane reduced to the 
problem of finding the center of percuſſion. 


3 W E are now todetermine the quantity of that preſ- 


ſure which = ſurface ſuſtains that is expoſed 
to the gravitation of a fluid: this muſt be done gradu- 
ally, beginning with thoſe caſes which are moſt ſimple 
and eaſy, and afterwards proceeding to thoſe which 
are more complex and difficult, Let a veſſel abcd 
F16, 12, be propoſed containing any fluid, ſuppoſe 

- ; water, 


A 
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water, and let a be the upper ſurface of the water, 


and cd the bottom of the veſſel. The preſſure upon 
any part of that bottom, ſuppoſe g h, will be equi- 
valent to the weight of a column of water g hi k, hav- 
ing the part g h for its baſe and g i or þ k, the depth 
under water, for its altitude. This ſeems to be ſelf- 
evident and may beſt be proved by the abſurdity of 
any contrary ſuppoſition ; for if it be ſaid that g h ſu- 
ſtains a greater weight than that of the column g hi &, 
theexceſs muſt come from the adjoining columns acg# 
and x hd; now for the like reaſon it ought to be 
ſaid that cg ſuſtains a greater weight than that of the 
column a cg1, and hd a greater than that of the co- 
lumn Hd; but if this were true, then would all the 
parts cg, g h and hd together, of that whole plane 
cd, ſuſtain a greater weight than that of the columns 
together, of of the whole water which is above it, 
namely a'c 4b, which is abſurd. The like abſurdity 
will follow if it be ſaid that g ſuſtains a leſſer preſſure 
than the weight of the column ghit; the weight of 
that column then which is perpendicularly incum- 


| bent upon it, is exactly equivalent to the preſſure 


which 1t ſuftains, 

This is the quantity of preſſure upon the plane g 
in the cafe that has already been deſcribed. If the fi- 
gure of the veſſel be any way altered, the preſſure 
will ſtill be the ſame if the perpendicular diſtance of 
the plane gh from the upper furface of the water con- 
tained in the veſſel, of whatever figure it be, remain 
unaltered. Thus in Fic. 13, 14, if /nghom be a 
veſſel of any irregular figure, and / m be the upper 
ſur face of the water, and the perpendicular diſtance 
of gb below Im namely gi or h&ł be the fame as be- 
fore, the preſſure of the veſſelled water Ing ho m up- 
on the bottom g will be equal to the fame weight 
of the column gi as before, though the veſſelled 
water Ig m be much leſs than that column, as in 

. C4 Fi. 
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Fi. 13, or much greater, as in FI c. 14. The preſ- 


ſure is not to be eſtimated by the quantity of water 
but by its altitude. For if the quantity of water Ig hm 
in FIG. 13, be a thouſand times leſs than ig bk, as we 
may eaſily ſuppoſe it to be, and the quantity of wa- 
ter Ig hm in FIG. 14, be a thouſand times greater 
than the ſame ig bk, then the quantity of this latter 
will be a million of times greater than that of the for- 
mer, nevertheleſs both will equally preſs upon their 
bottoms gh with a force equivalent to the weight of 
the perpendicular column g hi k; which may deſerv- 
edly beaccounteda paradox in hydroſtaticks, but may 
thus, among other ways, berendered intelligible. 

Let us canceive each of thoſe veſſels placed in a 
larger a bed; the preſſure upon g h will be the ſame 
whether we ſuppoſe the water / xg hom to be con- 
tained in its proper veſſel /z gbom, or, imagin- 
ing that veſſel to be away, we ſuppoſe its place to 
be ſupplied by the ambient water acgnl and 
ho 4 8 for any parcel of water may be conceived 


to be kept in by the reſt of the water, which every 


way ſyrrounds it as in a veſſel, ſuppoſing all things 
at reſt. Now in this latter caſe —— we ſuppoſe 
the ambient water 4cgnl and bombd to be a veſſel 
to the water Ing bom, the preſſure upon g þ is equi- 
valent to the weight of the column gh it, as has been 
already made out; therefore in the former caſe, 
where the water /zghom was contained in its pro- 

r veſſel, the preſſure upon g h will be alſo equiya- 
— to the weight of the ſame column gh ik. By the 
ſame way of reaſoning we may.conclude that the wa- 
ter contained in any other more irregular veſſel, as 


| Ingen in F16. 15, preſſes upon the bottom with 
a fo 


rce equivalent to the weight of the column of wa- 
ter g hi ł, having the ſaid bottom for its baſis, and gi 
or þk, the perpendicular diſtance of the planes g þ 
and im, for its altitude, 1 


7 
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If the plane g h be oblique to the horizon, as in 
Fi. 16, the preſſure upon g h from the water of the 
veſſel In g ho m, or from that of the veſſel eg bf, or 
from that of the larger veſſel ac db, will ſtill be the 
ſame, if the upper ſurfaces In, 4 and ab be in the 
ſame plane or at the ſame altitude above g h. The 
altitude is every where the meaſure of preſſure what- 
ever be the quantity of the fluid, or however the con- 
taining veſlel be figured (a), 

| I ſhould 


(a) The author gave an experimental proof of theſe concluſions 
as follows. F1c. 17 repreſents a large mouthed ſyphon inverted 
and y filled with water, whoſe ſurface always reſts at the ſame' 

in both legs; conſequently ſuppoſing the ſyphon to be cut at 
the bottom of the flexure by an imaginary plane, the water in both 
legs, however different in ſhape and bulk, preſſes with equal and 
oppoſite forces againſt that plane; otherwiſe the level of the water 
would ſoon be altered and deſtroyed. - | 

It has been ſhewn above, that the braſs plate ab, in Fc. 7, 
being about eight times heavier than an equal bulk of water, will 
by the preſſure of the water underneath it, be ſupported at the 
mouth of the inner veſſel, if the plate be imm under water 
above 8 times its thickneſs. This being done, let other water be 
gradually poured through a funnel into the inner veſſel, till its 
weight and preſſure ſhall cauſe the plate to deſcend, and at that in- 
ſtant let the altitude of the inner water above the plate be obſerved, 
or rather the difference between the altitudes of the inner and outer 
water, which difference by theory ſhould be about eight times the 
thickneſs of the plate, 

. This being obſerved, take up the inner yeſſel, and into its mouth 
ſqueeze a large cork cd witha wet leather bound about it, ſo far as to 
leave a thin ſpace between it and the plate applied to the orifice of 
the mouth, as repreſented in Fic. 18. A glaſs tube g h was firſt 
ſqueezed through a hole in the middle of this cork and cemented, 
to it, and then the wire ef fixed in the plate was put through the 

tube Then while the plate is held by the end of the wire againſt 
the orifice of the — — 5 the whole is let down into the water 
in the outer veſſel, by whoſe preſſure upwards the plate is again 
ſupported, as before. But by degrees the ambient — will ing. 
nuate itſelf between the orifice and the plate, into the thin ſpace 
above it, and this being filled, it will quickly riſe into the tube. 
where as ſoon as it arrives at the altitude before obſeryed in the 
Whole inner veſſel, its weight and preſſure will immediately hy 

| * 
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I ſhould now proceed to eſtimate the preſſure upon 
planes which are either perpendicular or oblique to 
the horizon, but becauſe the ſeveral indefinitely fmall 
parts, of which ſuch planes are compoſed, are acted 
upon with different forces, accordingly as the parti- 
clesof water, by which they are immediately touched, 
happen to be at different depths ; and ſince the total 
preſſure is made up of all theſe different forces taken 
together, we ought before we go any further to con- 
fider, what will be the preſſure which each of theſe in- 
definitely ſmall parts ſuſtains. Firſt then we are to 
conſider that every ſmall particle of water, which is 
at reſt, is preſſed upon equally on all ſides by the 
other particles which ſurround it, otherwiſe it would 
yield to the ſtronger force till it were equally preſſed 
every where ; and as it is equally preſſed on all fides, 
ſo does it every way by reaction equally preſs what- 
ever is contiguous to it, according to all poſſible 
contrary directions; for ſhould it preſs leſs than it 
were preſſed, it muſt neceſſarily yield to the force 
which is ſuppoſed greater than its own ; and ſhould 
it preſs more than it were preſſed, its force would ne- 
ceſſarily remove its weaker antagoniſt. Therefore 
fince all things are ſuppoſed to be at reſt, we cannot 
any ways imagine this inequality of preffure to take 
place. Now it has been proved before, that the preſ- 
ſure from above is equivalent to the weight of the 
incumbent column of water, therefore the preſ- 
fure from any other part, or according to any other 
direction, is alfo equal to the weight of the ſame in- 
cumbent column; and ſince action and reaction are 
equal, the particle itſelf muſt preſs according to all 
manner of directions with the ſame force, which is 
equivalent to the weight of the incumbent column 


the plate to deſcend: which ſhews that the preſſure of this ſmaller 
— of water is equal to that of the larger upon the ſame 


It 
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It is evident then that as fluids preis according to all 
ible directions, ſo are the preſſures equal accord- 
ing to all directions, if the points of contact in which 
the preſſures are made be at equal depths. This be- 
ing allowed we may proceed to what remains. 
Suppoſing then that ac db in FIG. 19, is acubical 
veſſel in which the water reaches to the top, ſo that 
its upper ſurface be repreſented by ab, let it be re- 
quired to determine the preflure which one of its 
fides ac ſuſtains from the included water. This ſide 
ac though repreſented here by a line, to avoid con- 
fuſion in the ſcheme, is ſuppoſed to be a ſquare. The 
meaſure of the preſſure upon every phyſical point of 
that ſquare, or as it is here repreſented, of that line 
ac, is the altitude of the water above that point; 
thus the preſſure upon /is meaſured by al, the pref. 
ſure upon m by a n, the preſſure upon à by an, and 
the preſſure upon c by ac, and the fame may be ſaid 
for any other points of the line ac; therefore the 
preſſure upon the whole line, or upon all the points 
of it, will be meaſured by the fum of ſo many of 
thoſe altitudes al, am, an, ac, as there are points in 
the line a c. Now that ſum may be eſtimated by draw - 
ing the perpendicular Jo equal to Ja from the point /, 
the perpendicular m equal to ma from the point m, 
the perpendicular 29 _ to na from the point u, 
and the perpendicular c 4 equal to c a from the points. 
Now it 1s evident that the ſum of al, am, an, az 
muſt be equal totheſum of lo, mp, ng, cd, and if from 
every intermediate point between a and J, / and , 
tn and u, and c, perpendiculars be conceived to be 
drawn after the ſame method, the ſum of all thoſe 
perpendiculars will be the meafure of the total preſ- 
ſure upon the line ac. But the ſum of all thoſe per- 
pendiculars is equal to the area of the triangle a cd, 
therefore the area of the triangle acd is the meaſure 


of the preſſure upon the line ac, 
2255 Now 
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N.o v as the line ac repreſents a ſquare, ſo will the 

triangle acd repreſent a priſm, having the ſaid trian- 
gle for its baſe, and the ſide of the ſquare for its alti- 
tude. The weight of that priſm of water is therefore 
equivalent to the preſſure made againſt the ſquare, 
or fide of the cube. That priſm is equal to half the 
whole cube, as we learn from Euclid's elements, 
therefore the preſſure againſt the ſquare is equivalent 
to half the weight of the whole water contained in 
the veſſel. There are four ſuch ſides of a cube be- 
ſides the top and bottom, and each of thoſe four ſides 
for the ſame reaſon ſuſtains the ſame preſſure, there- 
fore all together ſuſtain four times half the weight, 
that is twice the whole weight of the water. And 
the bottom, by what has been proved above, does it- 
ſelf ſuſtain a preſſure equal to the whole weight of 
the water; therefore the bottom and ſides together 
of a cubical veſſel filled with water, ſuſtain a preſſure 
from the water equal to thrice the weight of it. 

I have endeavoured to make the thing as eaſy as 
I believe the nature of it will permit, however ſince 
that part of this deduction where I told you the tri- 
angle ac d did at the ſame time repreſent the priſm 
when the line ac repreſented the ſquare, might be 
perhaps a little obſcure, I will endeavour to clear up 
this matter ſomething further. Let then acfe in 
Fs. 20 repreſent the ſquare ſide of the veſſel, and 
cdg f repreſent the ſquare bottom of the ſame. It 
was proved before that the preſſure exerciſed upon 
the line ac was meafured by the triangle ac d; by 
the ſame way of reaſoning it. may be proved that 
the preſſure upon the line ef is meaſured by the tri- 
angle ef g, and the preſſure upon any other line hi, 
which is parallel to theſe two and fituated between 
them, is meaſured by its reſpective triangle hi k. It 
we imagine the ſquare acfe to be made up of an infi - 
nite number of ſuch intermediate lines as þ i, the \ has 
. I ure 
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ſure upon the whole ſquare will be made up of the 
ſame infinite number of ſuch equal triangles as þ ik; 
now the ſum of all thoſe triangles make up the priſm 
a eg de, and this priſm is half the whole cube, as in 
the former ſcheme the triangle ac d is half the ſquare 
acd b. If the plane acfe inſtead of being a ſquare 
were a rectangled 222 having its ſide ae 
either longer or ſhorter than ac, it would follow 
from the principles, that the preſſure to which it is 
expoſed, would be equivalent to the weight of a like 
priſm of water having the triangle acd for its baſe, 
and the fide ae for its altitude. | 
I have been hitherto ſpeaking of planes which are 
either parallel orperpendicular to the horizon; it will 
be no difficult matter to apply what has been ſaid of 
perpendicular planes to thoſe which are oblique. Let 
ac in FI. 21 repreſent any ſuch oblique plane, and 
let the upper ſurface of the water be a b. The mea- 
ſure of the preſſure upon the point / is / 5 the altitude 
of the water above that point, ſo tm is the meaſure 
of the preſſure upon m, vn the meaſure of the preſ- 
ſure upon », and xc the meaſure of the preſſure upon 
c. Erect the perpendiculars Jo, mp, ng, cr _ | 
reſpectively to /s, mt, n v, c x, and imagine the like 
conſtruction to be made for all the other points of the 
line ac, and the ſum of all thoſe perpendiculars, that 
is the triangle ac 7, will be the meaſure of the preſ- 
ſure upon the whole line ac. If this line a c be ſup- 
poſed to repreſent a parallelogram as before, then 
the triangle a cr will as before become a priſm, and 
the weight of that priſm of water, which we are 
taught by Euclid how to meaſure, will be the preſ- 
ſure ſuſtained by the parallelogram. » 
L have hitherto ſuppoſed that the line c or the 
parallelogram repreſented by it, coincides with the 
ſurface of the water at a; if that does not happen, 
but the higheſt part of the line or * 
4 ome 
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| ſomediſtance from the ſurface, a computation of the 


eſſure will ſtill be eaſy enough. Suppoſe mc in 
10. 21, were the line or parallelogram propoſed z 
the preſſure upon the line mc will be meaſured by 
the trapezium or four ſided figure mc rp, and the 
reſſure upon the parallelogram repreſented by that 
Fine, will be a priſm having that trapezium for its 
baſe, and the other ſide of the —— — which 
is ſuppoſed parallel to the ſuriace of the water, for 
its altitude. 

From what has been ſaid of. theſe few particular 
inſtances we may now underſtand, that the preſſure 
upon any plane of whatever figure and ſituation, is 
equivalent to the weight of a ſolid of water, which is 
formed by * Spe rpendiculars upon every point 
of the plane d, equal to the reſpective di- 
ſtances of tho — from the upper ſurface of the 
water. For the perpendiculars being the meaſure of 
the preſſure upon the points from which they are 
erected, the ſum of theſe perpendiculars, or the ſolid 
formed by them, will be equal to the ſum of the 
preſſures upon the points, or the total preſſure u Pon 
the whole plane. 

Or we may thus expreſs the ſame thing after ano- 
ther way, and fo take in all curved ſurfaces as well 
as planes; that the preſſure upon any ſurface is equal 
to the ſum of all the products which are made by 
multiplying every indefinitely ſmall part of the ſur- 
face into its diſtance from the top of the water. For 
the preſſure upon each of thoſe parts is equal to a 
column of water having the part for its baſe, and the 
diſtance from the top of the water for its altitude; 
and every one knows who has the leaſt skill in geo- 
metry, that thoſe columns are meaſured by multi- 
plying their baſes by their altitudes; therefore the 


ſum of the products of all thoſe baſes or little parts 


by their altitudes, or reſpective diſtances from the 
top 
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top of the water, will be equal to all the columns 
upon every little part, and therefore to a body of 
water whoſe weight will be equivalent to the total 
preflure upon the whole ſurface, 

Now to find the ſum of all theſe products, or a 
body of water equal to that ſum, is a very difficult 

roblem in moſt caſes. Stevinus in his hydroſtaticks 
Fas attempted it only ina few inſtances, and thoſe of 
plane ſurfaces, and among plane ſurfaces he meddles 
only with ſuch which he calls regular, nevertheleſs he 
has gone the fartheſt in this matter of any writer I 
have met with. To ſupply then this defect I will here 
lay down another rule, which is not only univerſal, 
but alſo as eaſy and expeditious as can be deſired. 

It is this; the preſſure upon any ſurface whatever, 
however it be ſituated, is equal to the weight of a 
body of water whoſe magnitude is found by multi- 
plying the ſurface prapoled into the depth of its cen- 
ter of gravity under water. So the preſſure upon an 
number of ſurfaces of different bodies, however di 
ferently ſituated, is equal to the weight ofa body of 
water whoſe magnitude is found by multiplying the 
ſum of all thoſe ſurfaces into the depth of their com- 
mon center of gravity under water. 

The demonſtration of this rule may not perhaps 
be fully underſtood by thoſe who are unacquainted 
with ſtaticks and the nature of the center of gravis 
ty, however I will here produce it, that thoſe who 
can; may underſtand it, and that others, taking now” 
for true what I ſhall aſſume as demonſtrated by the 
writers of mechanicks, may afterwards be fully ſa- 
tisfied of it, when they come to underſtand the theo- 
rem it is grounded upon; which is, that if every in- 
definitely ſmall part of any ſurface, or number of 
ſurfaces, be multiplied reſpectively into its perpen- 
dicular diſtance from any propoſed plane, the ſum 
of thoſe products will be equal to the product 8 

[ | 8 
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the whole ſurface or number of ſurfaces multiplied 

into the perpendicular diſtance of the center of gra- 
vity of the ſingle ſurface, or of the common center 
of gravity of the whole number of ſurfaces, from 


the ſame plane. () 
Now taking the upper ſurface of water for that 


plane to which we refer the indefinitely ſmall parts 


(5) In Fic. 22, let any number of quantities a, 6, c, d, repre- 
ſent as many weights, hanging at their centers of gravity a, ö, c, d. 
by the lines a0, bo, co, do, fixed to any horizontal plane o, o, o, o: 
and let z be the common center of gravity of all the weights, and 
o its perpendicular diſtance from that plane; I ſay that ax as 
+ bxbo+cxco band =a +b+c+4d4xz0. 

For let the common center of gravity of the weights a, 6 be the 

int x, and to the line xo drawn parallel to the reſt, let am and 

x be perpendiculars. Then by the fimilar triangles m xa, nxb, 
we have mx: nx::(xa:x6::)6: a by the property 
of a center of gravity. Hence a x mx = b x nx, or a mo— x0 
=b x xo—no, or, aux mo — ax x0 =bxxo — bu no, 
whence a * mo + b x no=a@-+b * x0; which was to be prov- 
ed in the ſimpleſt caſe of the propoſition. — 

No let a weight x = @+ 6 be ſuſpended by a line #0 in the 
common center of gravity of @ and 6, and likewiſe a weight 
y= x +c in the common center of gravity of x and c, and alſo 
a weight x = y +4 in the common center of gravity of y and d. 
_ 15%z the common center of gravity of all the weight à, ö, c, a, 

Conſequently by what has been proved in the firſt caſe, we have 
 _axao+Fbxbo= xx x0, and likewiſex x xo + cxco=y 
* yo, and likewiſe y x yo + dx do =z x zo; conſequently 
@xaoqbxbo+cxcom=y x yo, and likewiſe a X as + 6 
xbo+rxco+dxdo=(2xto =) a+b+c+4 K, 
which was AT | a 1 N 

Hence if a ſt or number of ſurfaces of any kind be conſi- 
dered as equally ponderous in every equal part, and as divided 
into indefinitely ſmall parts, ſuſpended by lines, drawn from their 
centers, perpendicular to any horizontal plane; it is manifeſt that, 
if every part be multiplied reſpectively into its perpendicular line, 
the ſum of the products will be equal to the product of the whole 
furface multiplied into the perpendicular diſtance of its center of 
gravity from the ſaid plane: and that this equality of the products 
will ſubfiſt even if the ſaid lines be perpendicular to any plane, 
though not parallel to che horizon. wa : p 
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of the ſurface which is expoſed to the preſſure we 
are concerned with, ſince it has been already ſhewn, 
that the preſſure upon the whole is equivalent to the 
weight of a body of water which is equal in magni- 
tude to the ſum of all the products, made by mul- 
tiplying every little part by its diſtance from the 
upper plane of the water; ad this ſum of products, 
by the ſtatical theorem I hqve been mentioning, is 
exactly equal to the produq; of the whole ſurface or 
number of ſurfaces multiplied into the diſtance of 
the center of gravity from the upper plane of the 
water; it will follow, that the ſame product is the 
meaſure of a magnitude of water whoſe weight is e- 
quivalent to the preſſure required. The fame rule 
may be demonſtrated by ſeveral other methods, but 
1 * pitched upon this as the fitteſt for my pur- 
Poſe. 
5 Another thing which Sevinus propoſes to himſelf, 
is to determine the center of preſſure upon any plane, 
Before we can diſcourſe any farther about this we 
muſt declare what is meant by that center. It is 
then the point to which if the total preſſure were ap- 
plied, its effect upon the plane would be the ſame 
as when it was diſtributed unequally over the whole 
after the manner before deſcribed ; or we may ſay it 
js that point in which the whole preſſure may be con- 
ceived to be united; or it is that point to which if 
a force were applied, equal to the total preſſure but 
with a contrary direction, it would exactly ballance 
or reſtrain the effect of the preſſure, Thus if abcd 
in Fie, 23, be a veſſel of water and the fide ac be 
preſſed upon with a force equivalent to twenty 
pounds of water, this force we have feen is unequal- 
Jy diſtributed over ac; for the parts near @ being at 
a leſſer depth, are leſs preſſed upon than the parts 
near c which are at a greater depth, and therefore 


the efforts of all the * preſſures are united 
| 1 in 
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in ſome point z, which is nearer to c than to a, and 
that point z is what may be called the center of 
preſſure: if to that point a force equivalent to twen- 
ty pound weight be applied, it, will affect the plane 
ac in the ſame manner as before by the preſſure of 
the water diſtributed unequally over the whole. And 
if to the ſame point we apply the ſame force with a 
contrary direction to that of the preſſure of the wa- 
ter, the force and preſſure will ballance each other, 
and by contrary endeavours deſtroy each others ef- 
fects. Suppoſe at z a cord zy were fixed, which 
paſſing over the pulley p, has a weight w of twenty 
pounds annexed to it, and that the part of the cord 
2p were perpendicular to ac; the effort of the weight 
wis equal, and its direction contrary to that of the 
preſſure of the water. Now if z be the center of preſ- 
ſure theſe two powers will be in equilibrio, and mu- 
tually defeat each others endeavours, 

It may be worth while to be acquainted with a 
rule for finding that center in all caſes. We cannot 
have much help from Stevinus in this buſineſs; he 
undertakes only a few particulars and thoſe which 
are the eaſieſt, ſuppoſing that his reader will apply 
the like method to other circumſtances ; but they 
who ſhall endeavour to make ſuch an application, 
will in moſt caſes find it more difficult than they 
might poſſibly expect. I have for that reaſon deviſed 
this general rule which follows. 

If any plane which happens to be propoſed be 
produced till it interſects the upper ſurface of the 
water produced, if need be, and the line which is 
the common ſection of the two planes, be made an 
axis of ſuſpenſion ; the center of oſcillation or per- 
cuſſion of the plane, as it is ſuppoſed to revolve a- 
bout that axis, will be the center of preſſure re- 
quired, Thus if ac in Fic. 24, repreſents the plane 
propoſed, let it be produced till it cuts the plane 
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gb in d, now if d be made the axis of ſuſpenſion of 
the plane ac, the center of percuſſion of the plane 
ac revolving about d, will be alſo the center of preſ- 
ſure upon the ſame plane. | 
For if the percuſſive forces of every point of ac 
be as the preſſures exerciſed upon thoſe points, then 
the center of percuſſion muſt needs be the ſame with 
the center of preſſure ; and that the force of percuſ- 
ſion 1s every where as the preſſure of the water 
may thus be proved. The percuſlive force of any 
point, ſuppoſe b, is as the velocity of that point, and 
the velocity is as the diſtance bd of the point from 
the axis of motion; ſo the percuſſive force of à is as 
ad, of cas cd; ſince then the percuſſive forces of 
a, b, c are as the lines da, db, de, and theſe lines are 
as the lines ea, fb, gc, perpendicular to the ſurface 
of the water, and theſe laſt lines are as the preſſures 
upon a, h and c, it follows that the percuſſive forces, 
taking the interſection d for the axis of ſuſpenſion or 
motion, are reſpectively as the preſſures upon the 
ſame points; therefore the center of percuſſion or oſ- 
cillation is the ſame with the center of preſſure. 
The geometers of the laſt age have proſecuted the 
problem of finding the center of oſcillation very di- 
ligently, being excited thereto chiefly by the noble 
invention of pendulum clocks ; the rules they have 
laid down for that purpoſe are eaſy enough, and the 
applications they have actually made of thoſe rules 
are not a few. Having therefore ſhewn how the cen- 
ter of oſcillation may be made uſe of for determin- 
ing the center of preſſure, I preſume J have by this 
time ſufficiently cleared up what I propoſed ; but for 
further illuſtration I will add a couple of examples. 
Let it be required to find the preſſure which a 
diver ſuſtains when the center of gravity of the ſur- 
face of his body is 32 feet under water. The ſurface 
of a middle ſized human body is about 10 ſquare 
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feet. Multiply then 32, the depth of the center un- 


det waterf by 10 the ſurface of the body, and the 


product, or 32 times 10 ſolid feet, will be a magni- 


tude of water whoſe weight is equivalent to the preſ- 


ſure which the diver ſuſtains, by the rule before laid 
down. A cubick foot of water has been found by 


experiment to weigh 1000averdupois ounces, there- 


fore 32 times 10 feet, or 16 times 20 feet of water, 
will weigh 16 times 20000 averdupois ounces or 
'20000 averdupois pounds. This therefore is the preſ- 


ſare of the water to which a diver at 32 feet depth is 


expoſed. 
Again in Fo. 25, let the right angled parallelo- 


gram abed be a wall, dam, or pen of timber per- 
. pendicular ro the horizon, made to keep in a pond 


of water, whoſe upper ſurtace reaches to ab; let ab 
be 20 feet, and ac 12. Let & be the center of gra- 
vity of the plane; the depth of that center & will be 
equal to half g h or half a c, that is 6 feet. The area 
of the plane is found by multiplying c by 4 b or 
12 by 20, it is therefore 240 ſquare feet; multiply, 
according to the rule, the area 240 by g X which is 6, 
and the product will be 1440 cubick feet of water, 
whichweighs ſo many thouſand ounces, that is 90000 
pounds; and that is the preſſure which the dam ac 
ſuſtains. 

To find the center of that preſſure we muſt make 
the line 25, which is the common ſection of the dam 
and the upper ſurface of the water, the axis of ſuſ- 
penſion ot the plane abcd; now it appears by the 
diſcovery of Huygens, Wallis and other geometers 
that z, the center of oſcillation of this plane ſo ſuf- 
pended, will be in the line gb which biſects this plane 


and is parallel to ac or bd; and that the line gz will 


be two thirds of gh, that is 8 feet; and the ſame 
point z ſo determined is, as was proved before, the 


center of preſſure required, 
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LECTURE IT. 


Of the ſinking and floating of bodies immerſed in fluids, 
their relative gravities and levities, their ſituations 
and poſitions : the phenomena of glaſs bubbles account- 
ed for. 


W E are now to make our enquiries concerning 
the ſinking and floating of bodies immerſed 
in fluids; their relative gravities, their levities, their 
ſituations and poſitions. This is the ſubject of Ar- 
chimedes's two books de Inſidentibus Humido, of 
which the Latin tranſlation is yet extant, though the 
original in Greek be loſt. I will therefore give you 
the ſubſtance of his doctrine with ſome additions. 
But becauſe the laft propoſitions of his firſt book 
demonſtrate to us the poſtures in which a floating 

ortion of a ſphere will compoſe itſelf, and the 
whole ſecond book except the fi ſt propoſition of it, 
is entirely taken up in Gaal the like for the 
parabolick conoeid (which is a folid formed by the 
revolution of a parabola about its axis) I will con- 
tent myſelf to make out and demonſtrate to yau the 
foundation upon which thofe theorems of his are 
g-ounded, paſſing by the application of it to particu- 
lar ſolids, as being a matter that belongs more pro- 
perly to geometry than to hydroſtaticks. 

We have already ſeen that fluids preſs upon bodies 
to which they are contiguous every way, and on all 
ſides, but the preſſure upon each part is not the ſame ; 
the altitude of the fluid is every where the meaſure of 
its force; and the ſeveral parts of the fame body be- 
ing at different depths, \mult needs be differently at- 
tected. We ought therefore to conſider which of all 
theſe impreſſions will prevail. Now it is evident that 
the lateral preſſures do all ballance each other, being 

- - D3 equal, 
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equal, as ariſing from ęqual altitudes of the fluid, and 
oppoſite in their directions; ſo that from theſe the 
body is no ways determined toany motion. Burt thoſe 
parts of the fluid which are contiguous to the under 
ſurface have a greater altitude, and therefore a great- 
er force than the others which are contiguous to the 
upper; therefore the body mult of neceſſity be more 
violently elevated by the former than depreſſed by 
the latter, and would therefore-aſcend by the exceſs 
of force were it devoid of gravity. Now it is eaſy to 
underſtand, that this exceſs of fotce is equivalent to 
the weight of ſo much of the fluid as is equal in mag- 
nitude to the bulk of the body, being the difference 
in weight of two columns of the fluid, whereof one 
reaches to the upper, the other to the under ſurface 
of the body. 

It has been objected by ſome againſt the gravita- 
tion of fluids iz proprio loco, that bodies immerſed 
would of conſequence be violently detruded to the 
bottom, whereas we ſee in fact that the contrary is 
true; ſome which are ſpecifically lighter than the 
fluid being even buoyed up by it. Thoſe who make 
this objection ought at the ſame time to have conſi- 
dered, that as the upper parts of the body are de- 
preſſed, fo are the under more powerfully elevated, 
and therefore that ſetting aſide the conſiferation of 
the body's own weight, it ought always to aſcend ; 
but taking in that conſideration let us now ſee what 
the event will be; and this may be eaſily determined. 
For ſince all bodies endeavour to deſcend by the force 
of their own weight, and to aſcend by the weight of 
an equal bulk of the fluid in which they are immerſed, 
it mult of neceſſity come to paſs, that if the weight 
of the body be greater than the weight of an equal 
bulk of the fluid, it will deſcend with a force that is 
equal to the difference of thoſe two weights; if the 
weight of the body be leſs than the weight of an __ 
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bulk of the fluid, the weight of the fluid muſt pre- 
vail, and carry it upwards with a force that is equal 
alſo to the difference of the two weights; and this is 
the cauſe of the deſcent or aſcent of bodies, as they 
are ſpecifically heavier or lighter than the fluid in 
which they are immerſed. | 

The fame thing is often made out by another me- 
thod which is ſomewhat different from this which we 
have made uſe of, We are to ſuppoſe, in what 
pu ſoever within the fluid the body is conceived to 

„that there paſſes by it an imaginary plane touch- 
ing its under ſurface and parallel to the horizon, 
Now it has been made manifeſt that this fluid cannot 
compoſe itſelf and be at reſt till every equal part of 
this plane ſuſtains an equal preſſure ; if then the body 
be of an equal gravity with ſo much of the fluid as 1s 
equal to ĩt in bulk, and whoſe place it takes up, the 
part of the imaginary plane, which is directly under 
the body will be equally affected by the preſſure of the 
fluidand body together, which are ſuperior to it, with 
the other equal partsof the ſame plane, whichare preſ- 
ſed upon by the fluid alone ; therefore there can be 
no reaſon aſſigned why the body ſhould give way ei- 
ther by aſcending or deſcending, but it ought to 
maintain the placegiven it. If the body be heavierthan 
ſo much of the fluid as is equal to it in bulk, this part 
of the imaginary plane which is directly under it, will 
be preſſed with a greater weight than the other equal 
parts of the ſame plane, by the exceſs of the body's 
weight, above the weight of an equal bulk of the 
fluid; that part muſt therefore yield, and the body 
mult deſcend with a force equal to that exceſs. By a 
a like way of reaſoning we may collect, that if the 
body be lighter than an equal bulk of the fluid, it 
will be buoyed up by that part of the plane which 
is under it, with a force equivalent to the difference 
in weight of that equal bulk of the fluid and the bo- 
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dy; and upon the ſame account it mult continue to 
aſcend till every part of this imaginary plain, which 
js conceived to follow it, always touching its under 
ſurface, be equally preſſed upon; that is, till the 
body be ſo far extant above the ſurface of the fluid, 
that the weight of a part of the fluid equal in bulk to 
the part of the body immerſed, be equal in gravity 
to the whole body. And then alſo the part immerſed 
will be co the whole, as the ſpecifick gravity of the 
body is to the ſpecifick gravity of the fluid. (a) 


(a) The author uſed to confirm theſe concluſions by the following 
experiments. To try the force of deſcent of a ſalid, he uſed a ſmall 
glaſs viol ſtopt ap, having ſhot enough in it to cauſe it to deſcend 
in water, and a horſe-hair tied about the neck of it, by which he 
ſuſpended it to the ſcale or beam of a ballance. 

To find the weight of a bulk of water equal to this bottle, conſi- 
dered as the ſolid, he firſt put it into a narrow cylindrical glaſs jar, 
and poured in water enough to cover the bottle ; then taking it 
out, he weighed the jar and water contained ; then he placed the 
jar upon a table, and having immerſed the bottle in it, he placed a 
ſlip of wet Paper upon the outſide of the jar, ſo that the edge of the 
paper might appear to coincide with the ſurface of the water, to 

is eye placed in that ſurface produced; then taking out the bottle he 
poured water into the jar, nll its ſurface roſe up to the edge of the 
paper as before, This water then was equal in bulk to the bottte, 
and its weight he found by replacing the jar in the ſcale, and add- 
ing a ſeparate weight to the former, ſufficient to counterpoiſe the 
additional water. 

Place this counterpoiſe in one ſcale and the bottle in the other, 
and the weight added to make an equilibrium, will be the exceſs of 
the bottle's weight above the weight of a bulk of water equal to it. 

Then ſuſpending the bottle in water, by the hair, ON arm or 
ſcale of the ballance, from the oppoſite ſcale take out the weight of 
the equal bulk of water, and the remaining exceſs, found above, 
will juſt ballance the farce of the bottle's deſcent, by keeping the 
ſcales in equilibrio. 

Ihe force of aſcent of a thin glaſs bubble, or any ſolid lighter 
thin the flaid, may be tried by an inverted ballance, placed at the 
bottom of a large veſſel full of water as repreſented in FI g. 26. 

For having found the weight of a quantity of water equal in 
bulk to the bubble (by immering it wholly in the water of the cy- 
lindrical glaſs abovementioned) and alſo the exceſs of this wie 


If 


iv. of bodies in fluids. 41 
If two fluids which will not eaſily mix with each 
other be contained in the ſame veſſel, ſo that the 
lighter may float upon the heavier, a ſolid body, 
which is heavier then the lighter of the two fluids, 
and lighter than the heavier, will not ſuffer itſelf to 
be totally immer ſed in either of them. If it be placed 
wholly within the heavier it will aſcend, if it be placed 
wholly within the lighter it will deſcend for the rea- 
ſons before given; and will never reſt in any place 
till it be ſo diſpoſed, partly within one and 
within'the other, that the weight of ſo much of both 
fluids, whoſeplace it poſſeſſes, be equal to the weight 
of it, — 
If any one will from hence compute what propor- 
tion the parts contained within each fluid bear to 
each other, or in What proportion the common ſur- 
face of both fluids divides the whole ſolid, he will find, 
chat the part contained within the heavier, muſt be 
to the part contained within the lighter, as the dif- 
ference in weight of the ſolid and an equal bulk of 
the lighter, is to the difference in weight of the ſolid 
and an equal bulk of the heavier: and that the part 
immerſed in the heavier, is to the whole, as the dif- 
ference in weight of the ſolid and an equal bulk of 


above that of the bubble itſelf, as before ; hang the ſolid by an 

horſe-hair-loop to an arm of the inyerted ballance, and connect the 

oppoſite arm to that of a common ballance by another horſe-hair ; 

then that exceſs of weight, placed in the appoſite ſcale, will bal- 

— the force of the bubble's aſcent, by keeping the ſcales in equi- 
0. 

To ſhew that a quantity of a fluid equal in bulk to the part im- 
merſed of a floating ſolid, is equal in weight to that of the whole 
ſolid, weigh a larger glaſs jar partly filled with water, and us 
taken it from the ſcale, let a ſmaller jar float upon the water 
mark its altitude with a wet paper, as before; then having taken 
out the leſſer jar and filled the larger with water up to the mark, 
replace the larger in the ſcaĩe, and the leſſer jar being put to the 
former weights in the oppoſite ſcale, will produce an equilibrium. 


the 
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the lighter, is to the difference in weight of an equal 
bulk of the heavier and the ſame equal bulk of the 
lighter. (5) | 

Hence if we would be ſo ſcrupulouſly exact we 
may eaſily correct that ſmall error in the rule of Ar- 
chimedes which was before delivered for floating bo- 
dies; namely, that the part immerſed was always to 
the whole, as the gravity of the ſolid is to the gra- 
vity of the fluid. For ſince the air is an heavy fluid, 
though it be the leaſt heavy of all others, yet by reſt- 
ing upon the upper ſurface it has this effect, that in 
reality it will not permit a ſolid to be altogether ſo 
deeply immerſed as it would otherwiſe be if the air 
were removed, which the rule ſuppoſes. Allowing 
then for the air's preſence we may thus expreſs the 
proportion: That the part immerſe] is to the whole, 
as the difference in weight of the ſolid and an equal 
bulk of air, is to the difference in weight of an equal 
bulk of the fluid and the ſame equal bulk of air. 
Whoever will compare theſe two rules together, 
will find that their difference is altogether inconſi- 
derable : we may therefore ſtil] very ſecurely make 
uſe of the old one without any further ſcruple. 

The ſum of what has been ſaid comes to this, that 
if a ſolid be heavier bulk for bulk than the fluid in 
which it is immerſed, it will ſink till it arrives at 
the bottom, and the force of its deſcent will be equi- 


(6) Let the parts of the ſolid contained within the heavier and 
the lighter fluid be A and B, in FIG. 27, and the ſpecifick gravi- 
ties of the reſpective fluids as a and b ; then ſince the abſolute gra- 
vity or weight of any body is compounded of its magnitude and 
ſpecifick gravity, the weight of a quantity of the heavier fluid e- 
qual in magnitude to the part A, is a 4, and the weight of a quan- 
tity of the lighter fluid, equal in magnitude to the B, is bB, 
and the ſum of their weights is a4 + b B = c x A-Þ B ſuppoſing 
c is as the ſpecifick gravity of the ſolid 4+ B. Hence aA — c 4 
=cB— 6B, and conſequently : B:: 6:4; and con- 
jointly I: AB: c -6:4—6. | 

< ; valent 
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valent to the difference of its weight and the weight 
of an equal magnitude of the fluid. If it be lighter 
than the fluid in which it is immerſed, it will con- 
ſtantly aſcend till it be ſo far extant above the ſur- 
face of the fluid, that its whole weight be equal to 
the weight of that part of the fluid whoſe place it 
takes up; and the force with which it aſcends will 
be equivalent to the difference of its weight and the 
weight of an equal magnitude of the fluid. If it be 
immerſed in either of two fluids differently heavy, 
which are contiguous, and it be of a middle gravi- 
ty between both the fluids, it will move towards 
their common ſurface, and reſt in ſuch a poſition that 
the parts of both fluids whoſe place it takes up have 
an equal gravity with the ſolid itſelf. If a body be 
of equal gravity with the fluid in which it is im- 
merſed, it will retain any poſition which is given 
it: and this is the reaſon why a bucket in a well is 
without difficulty drawn up as long as it is under 
water, and that we perceive not its weight till it 
begins to get above the ſurface : by the ſame reaſon 
a bucket tull of wax, which is nearly of the ſame 
gravity with water, would not be difficult to draw 
up whilſt under water; now they cannot eaſily an- 
ſwer that wax is in its own element, and does not 
therefore gravitate. 

All bodies do actually retain their whole gravity 
when immerſed in a fluid, but that is rendered in- 
effectual by the contrary preſſure of the fluid, ſome- 
times in part and ſometimes altogether, according 
as that gravity of theirs is greater, equal, or leſs 
than the gravity of an equal bulk of the fluid, which 
is the meaſure of the force which reſiſts their de- 
ſcent, We may ſay that the gravity of bodies with- 
in fluids is of two ſorts, whereof one is abſolute and 
true gravity, the other apparent and relative. The 
abſolute gravity is the Whole force wich which the 


body 


| 
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body tends downwards, the relative and vulgar is 
only the exceſs of gravity by which a body has a 
greater tendency downwards than the ambient fluid. 
The parts of fluids and all other bodies do gravi- 
tate in proprio loco, taking 1 in the firſt ſenſe; 
according to the latter ſenſe and acceptation of gra- 
vity bodies do not gravitate in proprio loco, that is, 
being compared together they do not preponderate, 
but hindef ing each others endeavours to deſcend they 
keep their places as if they were devoid of gravity. 
Thus in water, bodies which by their gravity, great- 
er or leſſer, do aſcend or deſcend, may relatively and 
apparently be ſaid to gravitate or levitate, and their 
relative gravity or levity is the exceſs or defect by 
which their true gravity does either exceed the gra- 
vity of water, or fall ſhort of it. But if they neither 
deſcend by preponderating, nor aſcend by yielding 
to the preponderating water, though they do by their 
real and abſolute weights increaſe the weight of the 
whole, yet relatively and in the ſenſe of the vulgar 
they do not gravitate in the water. 

We may alſo in this place take notice of an ob- 
jection which is ſometimes made uſe of againſt the 
gravitation of fluids in proprio loco, They tells us, 
if fluids gravitate in proprio loco, that then a body as 
it happens to be immerſed at different depths would 
have a different weight, according as it is preſſed 
upon by different altitudes of the 1 fluid, which 


does not appear in fact. We may anſwer that it has 


and ought to have the ſame relative weight, though 
it be preſſed upon by different altitudes at different 
depths. For its abſolute weight does every where 
continue the ſame, and the relative weight is the ex- 
ceſs of that abſolute weight above an equal bulk of 
the fluid. Therefore if the weight of that equal bulk 
of the fluid be at all depths the ſame, as it certainly 


is in fluids which are not compreſſible, that exceſs 
and 
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and therefore the relative weight, will every where 
be the ſame alſo. 

If the fluid be compreſſible, as air is, and the lower 
parts be condenſed by the weight of the upper, then 
indeed the relative weight of a body in the air at the 
bottom of a valley, will be leſs than its relative 
weight at the top of a mountain; an equal bulk of 
air weighing more in the valley than upon the moun- 
tain, and conſequently taking more from the real 
and abſolute weight of the body in the former caſe 
than in the latter. For the ſame reaſon if a body 
be weighed in freſh water, and ſea water, its weight 
will be leſs in the latter than the former, becauſe 
the exceſs of its real and abſolute weight above the 
weight of an equal bulk of ſea water, is leſs than the 
like exceſs above an equal bulk of freſh water; ſea 
water being about a thirtieth or fortieth part heavier 
than freſh. Upon this account alſo if two bodies of 
different ſpecifick gravities be equiponderant and 
conſequently of difterent magnitudes, ſuppoſe the 
one be of copper and the other of lead, and the bulk 
of the copper be greater than the bulk of the lead, 
as it muſt be to be of the fame weight, putting the 
two metals in oppoſite ſcales of a ballance, we ſhall 
find them to reſt in equilibrio ; but if we place the 
ballance under water, they will be no longer in e- 
quilibrio, and the lead will preponderate. For the 
abſolute weight of each being diminiſhed by the 
weight of a bulk of water equal to itſelf, the weight 
of the copper will be more diminiſhed than the 
weight of the lead. Thus if two bodies of different 
ſpecifick gravities be brought to a molt perfect e- 
quilibrium when the air is at lighteſt, they will no 
longer remain fo when the air changes and becomes 
heavier; and this is the foundation of the ſtatical 
baroſcope deſcribed by Mr. Boyle in the Philoſophi- 
cal Tranſactions, * 2 

e 
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The phænomena of glaſs bubbles and images, 
which are fitted ſeveral ways to aſcend and deſcend 
in fluids, have been very much celebrated by the 
philoſophersof the laſt age. The whole myſtery de- 
pends upon this, that by a greater or leſſer preſſure 
on the bladder at the end of the veſſel, Fi. 28, or 
by heat and cold, there is an alteration made of their 
weight, and by this alteration of their weight they 
become ſometimes heavier ſometimes lighter than 
that part of the fluid whoſe place they poſſeſs, and 
do therefore, for the reaſons which have been Jately 
mentioned, ſometimes aſcend ſometimes deſcend with 
a pleaſing variety. Theſe bubbles conſiſt uſually of 
three different materials; of glaſs which is heavier in 
ſpecie than the fluid, of air which is lighter in /pecte 
than the fluid, and of the fluid itſelf. As long then 
as that aggregate of bodies is lighter than an equal 
bulk of the fluid, it will float, but if it grows heavier 
than ſo much of the fluid, it muſt neceſſarily fink. 


No when there is any competent preſſure, whether 


produced by weight or otherwiſe, upon the water in 
which the bubble is commonly immerſed, becauſe 
the glaſs is a firm body and the water though a fluid 
ſuffers no compreſſion, the air included in the bub- 
ble, being a ſpringy and very compreſlible body, 
will be compelled to ſhrink, and thereby poſſeſſing 
leſs room than it did before, the contiguous water 
will enter the neck of the bubble and ſucceed in its 
place; which being a body about 850 times heavier 
than air, the bubble will thereby become heavier 
than an equal bulk of water, and will conſequently 
deſcend ; but if the force or preſſure be removed, the 
impriſoned air will by its own ſpring free itſelf from 
the intruding water, and the aggregate of bodies that 
make up the bubble, being thereby grown lighter 
than an equal bulk of water, will again aſcend. The 


dilatation and contraction of the included air is there- 
| | fore 
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fore the cauſe of theſe changes ; if then that dilatation 
and contraction be any other way procured · than by 
preſſure (as it may proceed from heat and cold) the 
event will be the ſame. And this may ſuffice to ac- 
count for the phænomena of bubbles. 

I promiſed in the beginning of this diſcourſe to 
give you the foundation of thoſe propoſitions of Ar- 
chimedes, in which he demonſtrates the poſture of 
floating bodies; it may thus be expreſſed ; that all 
floating bodies affect ſuch a poſture, that the center 
of gravity of the part immerſed, be ſituated perpen- 
dicularly under the center of gravity of the part ex- 
tant: the body will otherwiſe never reſt and ceaſe to 
fluctuate. For if the floating body be imagined to be 
divided into two parts by the ſurface of the fluid, it 
will be eaſy to conceive, that the part immerſed en- 
deavours to aſcend, and the extant part to deſcend 
with equal forces; otherwiſe the body would be ei- 
ther more or leſs immerſed. Now the part immerſed 
endeavours to aſcend by the perpendicular paſling 
through its center of gravity, and the part extant 
ro deſcend by the perpendicular paſſing through its 
center of gravity z therefore unleſs thoſe perpendi- 
culars do coincide, or which is the ſame thing, unleſs 
the center of the part immerſed be ſituated perpen- 
dicularly under the center of the part extant, there 
will be no hindrance of thoſe endeavours, but a mo- 
tion will be produced, and for the ſame reaſon con- 
tinued till that poſture be obtained; and in that po- 
ſture the body will acquieſce, the endeavours being 
then equal and directly contrary to each other, and 
thereby reſtraining each other, 
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LECTURE v. 


The b ydrafatical ballauce explained, with the methods 
of determining the ſpeciſicꝶ gravities of all ſorts of bo- 
ates thereby, , 


T having been proved that bodies aſcend or de- 
I ſcend in fluids with a forte that is equal to the dif- 
ference in weight of the body immerſed and an equal 
bulk or magnitude of the fluid itſelf, we are hence 
furniſhed with a very accurate and eaſy way of find- 
ing out the ſpecifick gravities of all manner of bodies 
whether fluid or conſiſtent, and of comparing them 
together. Bodies are ſaid to be ſpecifically or in pe- 
cie heavier or lighter one than another, when bein 
equal as to magnitude, the weight of the one does ex- 
ceed or fall ſhort of the weight of the other. Thus 
the ſpecifick gravity of quickſilver is about 14 times 
greater than that of water; for if 10 take an equal 
quantity of each as to magnitude, ſuppoſe a pint, the 
dhe pint of quickfilver will weigh about 14 times as 
much as the pint of water. EY | 
Several methods have been propoſed and more 
may be ſtill invented to determine in what propor- 
tion bodies differ from one another as to their ſpeci- 
fick gravities; yet after all, moſt men have with 
good reaſon preferred the uſe of the hydroſtatical bal- 
for exactneſs and convenience. It is very pro- 
bable that Archimedes was the firſt that ever attempt- 
ed this buſineſs with any ſucceſs, in order to diſcover 
the cheat of the workman that had debaſed king Hi- 
eros crown; and though the way he then made uſe 
of, be certainly much inferior to that we have been 
ſpeaking of by the hydroftatical ballance (as may be 
perceived by the account which Vitruvius gives of it) 
yet ſo pleaſed was he to gain his end by any means, 
that upon this occaſion not being able to contain his 


joy, 
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Joy, like a madman leaping from the bath, naked as 
he was, he is ſaid to have ran about the ſtreets of Sy- 
racuſe, crying out his "Evexxa wherever he came. 1 
will not here ſtay to enumerate and explain thoſe va- 
rious methods that have been thought of for finding 
out the ſpecifick weight of bodies, but will confine 
myſelf to the buſineſs I have undertaken, and ſhew 
what helps we have from hydroſtaticks, and how ſuit- 
able they are to our preſent purpoſe. 

Firſt then if it be required to find out what propor- 
tion the ſpecifick gravity of a fluid and ſolid body 
have to one another, and the ſolid be heavier than the 
fluid fo that it may fink when immerſed in the fluid, 
we are to weigh the ſolid both in airand inthe fluid, 
Nov it has been proved before, that its weight in the 
fluid will be leſs than its weight in the air, by the weight 
of ſo much of the fluid as is equal in bulk to the ſolid; 
but the ſpecifick gravity of the fluid, is to the ſpecifick 
gravity of the ſolid, as the abſolute weight of an equal 
bulk of the fluid, is to the abſolute weight of an cqual 
bulk of the folid ; therefore the ſpecifick gravity of 
the fluid, is to the ſpecifick gravity of the ſolid, as the 
difference in weights of the ſolid in air and in the flu- 
1d, is to the weight of the ſolid in the air. If the fluid 
be common clear water and its ſpecifick gravity be 
expreſſed by an unit, as is uſual and very convenient 
upon ſeveral accounts, then to find a number which 
will expreſs the ſpecifick gravity of. the ſolid, we 
muſt divide the weight of the ſ31id in air by the dif- 
ference of the weights of the ſame in air and in wa- 
ter, the quotient will be the number required. 

An example will clear the whole matter. Suppoſe 
that a piece of copper weighed in air comes to 45 
grains, and when weighed in water but to 40 grains; 
the difference of theſe two weights, which is 5 grains, 
is equal to the weight of ſo much water as is equal 
in bulk to the piece of copper. Therefore the ſpe- 
cifick gravity of water, is * the ſpecifick graviry | 


* 
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of copper, as gq to 46. The ſpecifick gravity of water 
is here expreſſed by the number g, if inſtead of that 
it were to be expreſſed by an unit, we muſt divide 45, 
the weight of the copper in air, by 5 the difference 
of 45 and 40 its weight in air and water, and the quo- 
tient, which is , will expreſs the ſpecifick gravity of 


the copper as an unit docs that of water, 9 bearing 


the ſame proportion to 1 as 45 did to 5. 

If the ſolid body to be examined be ſpecifically - 
lighter than the fluid, we would compare it with, ſo 
that 1t cannot ſink by its own weight, but 1s conti- 
nually buoyed up by the heavier fluid, we may bya 
compound ballance find out its relative levity in the 
fluid, or the force with which it endeavours to aſcend. 

It was yeſterday ſhewn by an experiment made 
with ſuch a compound ballance, that the force of a- 
ſcent is equal to the difference of weights of the a- 
ſcending body and an equal bulk of the fluid which 
invirons it; therefore the weight of ſo much of the 
fluid as is equal in bulk to the body, is the ſum of 
two weights, whereof one is the abſolute weight of 
the body in air, and the other is equal to the force of 
aſcent, being the weight which is applied to the com- 
pound ballance to reduce the aſcending body to an- 
equilibrium. Hence it follows that the ſpecifick gra- 
vity of the fluid, is to the ſpecifick gravity of the ſo- 
lid, as that ſum of the two weights, is to the abſo- 
Jute weight of the ſolid. If the fluid be common wa- 
ter, and its ſpecifick gravity be expreſſed by an unit, 
we muſt divide the abſolute weight of the ſolid by 
that ſum of weights, and the quotient will expreſs the 
ſpecifick gravity required. 

To illuſtrate this by an inſtance, let us ſuppoſe that 
a piece of dry elm weighs in air 36 grains; this wood 
being lighter than water, will not of it ſelf link in it; 
let then a weight be applied to the ſuperior beam of 
the compound ballance to detain it under water and 
to keep it in equilibrio, and the weight neceſſary _ 

. that 
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that purpoſe be found to be 24 grains; this weight 
of 24 grains being as we have already proved, equal 
to the difference of the weight of the elm and an e- 
qual bulk of water; if it be added to the leſſer weight 
of the elm, which was 36 grains, the ſum which is 60 
grains will be the weight of that equal bulk of water. 
Therefore the ſpecifick gravity of water is to that of 
elm as 60 is to 36; if inſtead of 60 which does now 
expreſs the ſpecifick gravity of water, you would ra- 
ther make uſe of an unit for that purpoſe, we muſt 
divide 36, which is the weight of the elm in air, by 
60 the ſum which was before mentioned, the quoti- 
ent 0,6 will expreſs the ſpecifick gravity of elm, as 
an unit does the ſpecifick gravity of water ; and it is 
evident, that o, 6 has the ſame proportion to an unit 
that 36 had to 60. | 
I know not whether this way of examining bodies 
which are lighter than the fluid they are compared 
with has ever yet been put in practice, there ſeeming 
to be too great a difficulty in making the experiment, 
which yet may be much leſſened, if not taken away, 
by a well contrived inſtrument ; however it is cer- 
tain that the calculation is much more eaſy in this 
method than in that other which I will now deſcribe. 
To the body which we would examine which is 
lighter than the fluid with which it is to be compar- 
ed, we muſt annex another body (by tying them to- 
gether with an horſe-hair or otherwiſe) which is ſpeci- 
fically heavier than the fluid; ſo that both taken to- 
gether as one compound body, may be likewiſe ſpe- 
cifically heavier than the fluid and ſink in it; weigh- 
ing then the heavier body ſingly, and alſo the com- 
pound, both in air and in the fluid, we muſt thus 
make our calculation. Subſtracting the weight of the 
heavier body alone in the fluid, from its weight in 
air, what remains will be the weight of ſo much of 
the fluid as is equal in bulk to the heavier body; a- 
gain ſubſtracting the I of the compound body 
| 2 in 
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in the fluid, from its weight in air, what remains will 
be the weight of ſo much of the fluid as is equal to 
the compound body in bulk ; taking then the for- 
mer difference from the latter, that is, taking the 
weight of ſo much of the fluid as is equal in bulk to 
the heavier body, from the weight of ſo. much of the 
fluid as is equal to the compound body, or heavier 
and lighten together, what remains will be the weight 
of ſo much of the fluid as isequal in bulk to the light- 
er bedy; and the proportion which this weight bears 
to the weight of the lighter body in air, will be the. 
proportion of the ſpecifick gravity of the fluid to the 
ſpecifick gravity of the lighter body. If the number. 
which expreſſes the ſpecifick gravity of the lighter 
body he divided by the number which expreſſes the 
ſpecifick gravity of the fluid, the quotient will alſo, 
expreſs the ſpecifick gravity of the lighter, whilſt an 
unit expreſſes that of the fluid. 


Thus if a piece of elm weighs in air 15 grains, hav-- 


ing fixed to it a piece of copper that the compound 
may fink in water, let us ſuppoſe that the copper a- 
lone in air weighs 18 grains, in water 16 grains, the 
aggregate of the copper and elm in air will be 33 
grains; ſuppoſe again we find by making trial of it, 
that the aggregate in water comes to 6 grains; if we 
ſubſtract 16 the weight of the copper alone in water, 
from 18 its weight in air, the 2 grains which remain 
will be the weight of a bulk of water equal to the 
copper; alſo if we ſubſtract 6 the weight of the com- 
pound in water, from 33 the weight of it in air, the 
27 grains which remain will be the weight of a bulk 
of water equal to the compound. Taking then 2 the 
weight of water equal in bulk to the copper, from 27 
the weight of water equal in bulk to the copper and 
elm together, the 25 grains which remain will be the 
weight of the water equal in bulk to the elm. The 
weight of the elm itſelf in air was 15 grains; there- 
fore water is to elm in ſpecifick gravity as 25 to 153 

now 
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now as 25 is to 15 ſo is 1 to o, 6 as any one may find 
by the rule of three. The third term in the pro- 

rtion being in our caſe an unit, we are only to di- 
vide the ſecond by the firſt, or the weight of the ſo- 
hd in the air by the weight of an equal bulk of wa- 
ter, and the quotient will be the fourth term in the 
proportion, expreſſing the ſpecifick gravity of the 
folid, as an unit expreſſes that of water. 

Having by this time I hope ſufficiently explained 
the method of comparing ſolids and fluids together 
as to their gravities, I am now to new how ſolids are 
to be compared with ſolids, and fluids with fluids. 
This will require but few words being eaſy and obvi- 
ous enough. Solids may be compared with ſolids by 
themediation of a fluid; and fluids may be compared 
with fluids by the mediation of a ſolid ; ſomevimes in- 
deed it may happen that a fluid may be weighed as a 
ſolid body within another fluid with which4t will not 
mix, by placing it in the glaſs bucket; thus may 
quickſilver molt convementtly becompared with wa- 
ter (a). Suppoſe it were required to determine what 
proportion the gravity of copper has to the gravity 
of elm; theſe two cannot immediately be compared 
together hydroſtatically, but we may as has been al- 
ready ſhewed compare each of them with water, and 
then we may conclude that the ſpecifick gravity of 
copper, is to the ſpecifick gravity of elm, in a pro- 
portion, which is-compounded of that of the ſpeci- 
fick gravity of copper to water, and that of the ſpe- 
cifick gravity of water to elm. If copper be to water 


{s) F16. 29. repreſents the hydroſtatical ballance, whereby ſolid 
ies may be weighed in the glaſs bucket a, firſt in air and then 
in water. In the latter caſe the ſlit & in the circular plate, muſt firſt 
be ſlipt upon the neck c, and reſt upon the ſquare ſhoulder under- 
neath; that the weight of the plate, being equal to that of a quantity 
of water equal in bulk to the empty bucket, may reſtore the equili- 
brium of the empty ſcales. The — gravities of fluids are deter 


minable by the glaſs ball d, deſcribed in the ſequel of the lecture. 
E 3 as 
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as 9 to 1, and water be to elm as 1 to 0,6, copper will 
betoelm as 9g to0,6 or as go to 6, or as 15 to 1, 

. Suppoſe again two fluids were propoſed to be 
compared together; let one of them be a parcel of 
oyl of vitriol bought in the ſhops which you ſuſpect 
to be not the beſt, and you would examine whether 
its gravity be to the gravity of water as 17 to 10, as 
jt ought to be if good; comparing it with glaſs by the 
method before deſcribed, you find its gravity to that 
of glaſs to be as 7 to 153 comparing the ſame glaſs 
with water you find the gravity of glaſs to that of 
water as 3 to 1; hence by compounding the propor- 
tions of 7 to 15 and 3 to 1, you know that the gra- 
vity of your oyl of vitriol is to the gravity of water 
as 7 tO 5, or as 14 to 10, whereas it ought to have 
been as 17 to 10. This way of comparing fluids toge- 
ther is univerſal, and may be practiſed with a bal- 
lance of any form. The fabrick of our inſtrument 
does indeed in this particular ſomewhat ſhorten the 
operation, and therefore it will not be amiſs to ſhew 
how we make our calculation from it. 

The glaſs ball you may. remember was heavier 
than an equal bulk of water, as was evident by its 
ſinking in it, and by an experiment purpoſely made, 
Its weight was found to be to the weight of an equal 
bulk of water, as 185 to 10; oyl of vitriol, which 
is one of the heavieſt fluids excepting quickſilver, is 
to water as 17 to 10, therefore the ball may be uſed 
for examining any liquor that is leſs heavy than oyl 
of vitriol, ſince it will ſink even in that oyl. The ex- 
ceſs of weight of the ball above that of an equal bulk 
of water, was counterpoiſed by an equal exceſs of 
weight, of the oppoſite ſcale of the ballance, above 
that of the ſcale to which the ball was fixed ; and by 
that means it was ſuſtained in the water iz equilibrio, 
We may conceive the ball ſo ballanced in the water, 
as if 1t were a parcel of the water congealed into that 


ſhape; and therefore if we ſubſtitute for water in the 
veſſel 
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veſſel ſome other liquor of a different gravity, this 
equilibrium will be no longer preſerved; we are there- 
fore continually to put weights into the aſcending 
ſcale, till we have again reduced the ballance to the 
ſame ſtate; and the weight we have put into either 
ſcale, will be the difference in gravity of two bulks, 
one of water and the other of the liquor to be examin- 
ed, which are equal to one another, and each equal 
to the bulk of the ball. This bulk of water has been 
found to be 803 grains; if therefore we add to 803 
the number of grains which were put into the ſcale to 
which the ball is annexed, or ſubſtract from 803 the 
number of grains which were put into the oppoſite 
ſcale, the reſult will be the weight of a bulk of the 
liquor under examination equal to the ball; and the 
ſpecifick gravity of water will always be to the ſpe- 
cifick gravity of the other liquor, as 803 to the re- 
ſulting number. If we divide the reſult by 803 the 
quotient will expreſs the gravity of the other liquor 
as an unit expreſſes that of water. 

To illuſtrate this by an example, let it be propoſ- 
ed to find the gravity of milk; immerſing the ball 
as it is fixed to the ballance in that liquor, we find it 
neceſſary to put 28 grains into the ſcale to which the 
ball hangs, in order to reduce the beam to its hori- 
zontal ſituation; adding then 28 to Sog the ſum will 
be 831, and the fpecifick gravity of water to that of 
milk, will be as 803 to 831. 

Thus then may all bodies of what kind ſoever be 
compared together as to their intenſive weights; I 
might have added other methods which are alſo hy- 
droſtatical and fitted to the ſame purpoſe, but thoſe 
already deſcribed are ſufficient and ſrem jndecd to be 
the moſt convenient. However I will here mention one 
other way of examining the gravity of fluids which 
is of very good uſe upon ſome occaſions. The toun- 

dation of it is this, that if a body be made ſucceſſively 
to float upon two fluids of different gravities, the ſpe- 
E 4 cifick 
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cifick weight of the lighter will be to the ſpecifick 
weight of the heavier, as the magnitude of the part 
of the floating body which is immerſcd in the heavt: 
er, is to the magnitude of the part immerſed in the 
lighter. For, the bulks or volumes of both fluids that 
are equal to the parts reſpectively immerſed in them, 
having the ſame abſolute weight with the whole float- 
ing body, as hath been proved before, will be of e- 
=_ abſolute weights, and conſequently their ſpeci- 
ck gravities will be reciprocally as their magni- 
tudes, or which is the ſame thing, reciprocally as the 
magnitudes of the parts immerſed. If therefore a bo- 
dy of a regular figure could be provided ſo that the 
part of it whichis immerſed, might always be accu- 
rately and eaſily meaſured, this way would be ex 
ditious enough. A truly cylindrical glaſs veſſel ſeems 
to be the fitteſt for this purpoſe ; for the part immerſ- 
ed will be always as its depth. The gravity therefore 
of the fluid may readily be eſtimated by a proper ſcale 
of parts in arithmetical progreſſion applied to the 
fide of the cylinder, or more readily by inſpection 
only of another ſcale which might be muſically di- 
vided by ways which I will not ſtay here to deſcribe. 
For, any one that ſha]l attempt to get ſuch a cylin- 
der, as will be convcnient for his purpoſe, of an ex- 
act figure and truly poiſed, that it may always ſtand 
erect, will perhaps find it more difficult to obtain 
than at firſt he expected, | | 
Nevertheleſs upon ſome occaſions this method 
may be of ſingular uſe. We may examine by this 
means whether a liquor propoſed be genuine as to its 
gravity, though we do not learn from hence what 1s 
the preciſe quantity of that gravity. The thing is 
common among chymiſts; they make uſe of an hol- 
low ball of glaſs having a ſlender ſtem or pipe an- 
nexed to it, which is ſo poiſed that when the ball is 
immerſed in any liquor, the ſtem may ſtand erect 


ard be in part extant above the ſurface of it. * 
| gla 
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glaſs they place in ſeveral liquors which they know 
by other means to be good in their kind, and put 
marks upon the ſtem, which ſhew the different de- 
rees of immerſion in the different liquors. Then if 
any liquor of the ſame name be afterwards to be ex- 
amined, ſuppoſe it were oyl of tartar per deliquium ; 
if the glaſs ſink lower in it than the mark they had 
formerly made for that oyl, they conclude it has not 
its juſt gravity, and is probably adulterated with wa- 
ter; but if it fink not ſo low as the mark for alco- 
hol of wines, they conclude that the alcohol is roo 
heavy, and therefore not ſufficiently rectified (a). 
This inſtrument by a ſmall alteration may be fitted 
to examine whether ſolids have the true ſtandard 
weight of their kind, as any one may perceive by the 
deſcription of Mr. Boyle's vr rem publiſh- 
ed in the Philoſophical Tranſactions. 
After all that has been hitherto ſaid, there may 
yet remain ſome few difficulties to be removed, and 
ſome cautions to be given. It may happen that the 
body-to be examined may conſiſt of ſmall fragments, 
or may be a powder, or may imbibe the water it is 
weighed in, ſo as to appear heavier than it really is, 
or may be diſſoluble in water, If it be made up of 
ſmall fragments or be a powder, we muſt of neceſſity 
in this caſe make uſe of the glaſs bucket, which we 
are not obliged to do when the body to be weighed 
is entire, and of a conſiderable magnitude. For then 
we may, if we think fit, make uſe of a ballance of 
the uſual form, and by ſuſpending the body with an 
horſe-hair (which is nearly of the ſame gravity with 
water) to the under fide of either of the ſcales, we 
may weigh it both in air and in water. Putting then 
a convenient quantity of the fragments or powder into 
the bucket z we firſt find the weight in air, aſter- 
wards we muſt warily and little by little put into the 
bucket, whilſt it is yet kept in air, and hath the pow. 
r 
(a) See Phil. Tranſ. No. 384 and 413. 
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der or fragments in it, a convenient quantity. of the 
ſame water it is to be weighed in, that the liquor may 
have time to inſinuate itſelf between the dry bodies 
and even the corpuſcles of the powder, and expel 
thence the air that was lodged in the intervals be- 
twixt them; which little aerial portions, if not thus 
ſeaſonably expelled, would upon the immerſion of 
the veſſel, produce in the water ſtore of bubbles, that 
would buoy up or faſten themſelves to the fragments 
or other ſmall bodies, and make the experiment un- 
certain or fallacious. And if it be a powder that is to 
be weighed, unleſs it be beforehand throughly wet- 
ted, and thereby freed from aerial particles, and re- 
duced toa kind of mud, there is danger that ſome dry 
corpuſcles of the powder will, when the veſſel is un- 
der water, be buoyed up and get out of it, and float- 
ing on the ſurface of the incumbent water take off 
from the true weight, that the immerſed powder 
ſhould have in that liquor. % 
If the body to be weighed be ſubject to imbibe wa- 
ter too readily, it may be caſed with a coat of bees- 
wax, and then we muſt proceed in our calculation ac- 
cording to the method which was before deſcribed 
for determining the gravities of bodies lighter than 
water, or the fluid they are weighed in, by adding a 
more ponderous body; and as there we weighed the 
heavier body by itſelf in air and in water, and after- 
wards the compound of the heavier and the lighter 
both in air and in water, ſo here we mult weigh the 
bees-wax before we apply it both in air and water, 
and afterwards the compound of the bees-wax and the 
other body both in airand in water. If the body pro- 
poſed be diſſoluble in water, we may weigh it in o- 
ther liquors, which will not diſſolve it. + 
Mr. Boyle tells us upon this occaſion, conſidering 
that except quickſilver, the viſible fluids we can com- 
mand are either of an aqueous or of an oily nature, 


and that moſt bodies whereof we can make ſolutions 
| in 
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in liquors of the former, will not (at leaſt ſenſibly) 
ſuffer themſelves to be diſſolved by thoſe of the lat- 
ter kind, whilſt a propoſed ſolid is weighing in them; 
he preſumed that the moſt ſaline bodies, ſuch as al- 
lum, vitriol, ſal gem. borax, ſublimate and others, 
might de commodiouſly weighed in oleous liquors; 
and amongſt theſe upon ſeveral accounts he made 
choice of ſpirit of turpentine. If then we follow his 
choice, we may determine what proport ionthe gra- 
vity of the ſolid propoſed has to the gravity of that 
ſpirit ; and by other ways, which have have been al- 
ready explained, finding the proportion of the gra- 
vity of the ſame ſpirit to the gravity of water, by 
compounding their two proportions, we ſhall obtain 
the proportion of the ſolid's gravity to that of water. 

Moſt men who treat of theſe matters do now adays 
compare all other bodies with water, whoſe ſpecifick 
gravity they expreſs by an unit. It may perhaps be 
objected that we cannot diſcover the proportion be- 
tween a ſolid body and water in general, but only be- 
tween the propoſed body and the particular water it 
is weighed in, becauſe there may poſſibly be a great 
difference between liquors which are called common 
water, Mr. Boyle has ſupplied us with an anſwer to 
this objection; I will therefore give you his words. 
Having had, ſays he, the opportunity as well as cu- 
& riofity upon ſeveral occaſions to examine the weight 
« of divers waters, ſome of them taken up in places 
«« very diſtant from one another, I found the diffe- 
<« rence between their ſpecifick gravities far leſs, than 
« almoſt any body would expect. And if I be not 
« deceived by my memory the difference between 
% waters, where one would expect a notable diſpari- 
e ty, was but about the thouſandth part (and ſome- 
e times perhaps very far leſs) of the weight of either. 
Nor did I find any conſiderable difference between 
e the weight of divers waters of different kinds, as 
« ſpring water, river water, rain water, and ſnow wa- 
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<< ter; though this laſt was ſomewhat lighter than any 
< of the reſt. Andi having had the curioſity to procure 
* ſome water brought in England, if I much miſre- 
„member not, from the river Ganges itſ-If, which 
* ſome travellers tell us from the preſs is by a fifth 
part lighter than our water, I found it very little, if 
at all, lighter than ſome of our common waters.“ 

It may alſo be poſlibly objected, that we take the 
weight which bodies have in the air for their abſolute 
weight, whereas their abſolute weight is what they 
would weigh in vacuo. I allow that all bodies have 
leſs weightin air than their abſolute and real weights 
in vacuo; but if we conſider that this diminution of 
real weight is in moſt bodies but about the thouſandth 

rt of the whole, and in metals, which are the hea- 
vieſt kind of bodies, much leſs, this objection will 
ceaſe to be conſiderable : yet if any one has a mind 
to be ſo needleſsly accurate in a matter which will not 
bear that nicety upon other accounts, he may add the 
number which expreſſes the ſpecifick gravity of air, 
to all the other numbers of any table of bodies, and 
by that means correct the whole error which riſes 
from this ſource. 

Though this way of examining the gravities of bo- 
dies hydroſtatically be preferable to all others, yet it 
1s not free from ſome uncertainties. Bodies themſelves 
though they have juſtly the ſame name and are re- 
ferred to the ſame kind, have not any exact common 
ſtandard of weight, and ſome little errors will ine- 
vitably ariſe in phyſical experiments though made 
with the utmoſt accuracy. We muſt therefore be as 
cautious as we can. When we weigh any thing in wa- 
ter or any other liquid, great care ought to be taken, 
that no part of the body to be weighed touch the bot- 
tom or ſides of the veſſel, or riſe above the ſurface 
that no bubbles of air ſtick to and buoy it up; that 
no drops of the liquor touch or adhere to the ſcales 


or beam, Several other cautions there are which —_ 
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beſt be learned by experience. I therefore deſign to- 
morrow to practiſe the rules which have been now 
laid down, and to ſuggeſt ſome further uſes of this 
fort of experiments. 


A table of the ſpecifick gravity of bodies. 


Fine gold 1.9640 | of tartar ———— 1.550 
Standard gold —— 1.345 = —_ 
Quickſilver: — 1. 4000 Honey — 1450 
Lead —— 11.325 Gum arabick 1.375 


Fine filver ———— 11.091 Spirit of nitre—— 1.315 


Standard filver 10 535 Aqua fortis 1.300 
Biſmuth — 9.700 Pitch 1.150 
Copper ——— ——— 9g.coo0 Spirit of falt ———— 1.130 
Caſt braſs 8.000 Craſſamen. of hum. blood 1.126 
Steel ——— ———— 7.850 = of urine —— 1.120 
Fron — 7.645 Human blood 1.054 
Tin — 7.320 Amber _ 1040 
Glaſs of antimony — 5.280 Serum of human blood 1 030 
A pſeudc-topaz - 4-270 Milk - 1.030 
A diamond 3.400 Urine 1.030 
Clear cryſtal glaſs — 3.150 Dry box-wood ——— 1.030 
Iſland cryſtal ——— 2.720 Sea water 1.030, 
5 N * 220 898 he 
Rock cryſtal 2.660 Camphire o. 
Common green glaſs — 2.620 Bees wax ©9556 
Stone of a mean gravity 2.500 Linſeed oy} ———— 0.932 
Sal me 2.143 Dry oak 0.925 
_- — 2.000 Oyl _ 0.913. 

itre I. Spirit of turpentine — 0.87 
Alabaſter — 2 4 Rectified fririe of wine 0.86 
Dry ivory 1.825 Dryaſh 0.800 
Brimſtone — 1.800 Dry maple 9.755 
Dantzick vitriol — — 1.715 Dry elm © 
Allum 1.714 Dry fir(a) 0.550. 
Borax — 1.714 Cor 0.240 
Caleulus humanus —— 1.700 Air — 40014 
Oyl of vitriol 1.700 


(a) Theſe are the ſpecifick gravities of dry wood. For Dr, Juris has ob- 
ſerved that the ſubſtance of all wood is ſpecifically heavier than water, ſo as ts 
ſink in it, after the air is exttacted from the pores and air-veſlels of the wocd, 
by placing it in warm water under a receiver of an air-pump or if an 2ir-pump 
cannot be had, by letting the wood continue ſome time in boiling water over a 
fire. Thus he found alſo, that ſome human calculi, contrary to common opi · 
nion, are almoſt as heavy as bricks and the ſofter ſort of paving ones. Phil. 


hes No, 369. 
The ſpectfick gravities of human biood, its craſſamentum and ſerum are taken 
from. very accurate experiments made by the fame judicious author. Phil. 
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LECTURE VI. iy wo 


The praxis of the hydroſtatical ballance, the ſpetifick 
gravities of ſeveral bodies actually found out, with an 
account of the various uſes of ſuch enquiries. 


TE may now be expected, after ſo much of our time 
ſpent in explaining and practiſing the hydroſtati- 
cal ballance, that I ſhould give ſome account of the 
uſefulneſs of ſuch tryals. To do this in its fulleſt ex- 
tent would take up more of our time than we can con- 
veniently ſpare upon that ſubject alone. There have 
been whole books written upon this matter by Gbe- 
taldus and Mr. Boyle, who have nevertheleſs left ſeve- 
ral things untouched, which might have been perti- 
nent enough to their purpoſe. Any one who has in 
the leaſt meddled with natural philoſophy, muſt 
needs be ſenſible of what great importance it is to be 
able to compare bodies together, as to their magni- 
tudes, denſities, and the quantities of matter they con- 
tain, Now this may be doneby the help of the inſtru- 
ments we have been deſcribing and making uſe of; 
for the denſity of any body is as its ſpecifick gravity, 
and the quantity of matter it contains is as its abſo- 
lute weight; therefore whatever compariſons we can 
make of the magnitudes, fpecifick gravities and ab- 
ſolute weights of bodies, the ſame will hold good as 
to their magnitudes,denſitiesand quantities of matter 
conſidered together. Hence did our famous Sir Jaac 
Newton conclude that water has about 40 times more 
pores than ſolid parts. Hence alſo he made it evi- 
dent that the forces of bodies to reflect and refract 
light are very nearly proportional to their denſities, 
excepting that unctuous and ſulphurous bodies re- 

fract more than others of the ſame denſity. 
It would be needleſs to heap up inſtances of this 
kind which any thinking perſon cannot miſs of. But 
though 
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though it be impoſſible to declare all the uſes there 
may be of comparing bodies thus together, I will 
however give ſome certain rules for ſuch compari- 
ſons, and ſhew how from any two of theſe three 
things, magnitude, ſpecifick gravity and abſolute 
weight given, the other may be determined, Thus 
will our geometry be enlarged, and we may be able 
to find out the magnitude of any body however ir- 
regular, by its weight and ſpecifick gravity ; and the 
fame way our ſtaticks may be improved to find out 
the weight of any body how great ſoever, ſuppoſe 
it were a whole building, by the magnitude and 
fpecifick gravity of the materials which compoſe it. 
After this I will ſhew how any mixture of any two 
bodies may be diſcovered, as the allay of gold and 
filver, and other problems of the like nature. In the 
third and laſt place I will give ſome inſtances of the 
uſefulneſs of theſe enquiries to phyſicians, chytmiſts, 
apothecaries, jewellers, goldſmiths and others, who- 
by theſe means may be able to judge whether the ma- 
terials they deal with be rightly qualified for their 
purpoſe or not. 

To determine any one of theſe three things, mag- 
nitude, ſpecifick gravity and abſolute weight, the o- 
ther two being ſuppoſed to be given or known, we 
may obſerve the following Rules. 

I. If bodies compared together be of equal mag- 
nitudes, their abſolute weights will be as their ſpeci- 
fick gravities. | 
2. If bodies compared together be of the ſame ſpe- 
cifick gravity, their abſolute weights will be as their 
magnitudes, 

3. If bodies compared together have their abſo- 
hate weights equal, their magnitudes and ſpecifick 
gravities will be reciprocally as one another. 

Hence if bodies compared together be neither of 
equal magnirudes, nor of the ſame ſpecifick gravity, 
nor the ſame abſolute weight, then 


4. Their 
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4. Their abſolute weights will be in a compound 
ratio of their ſpecifick gravities and their magni- 
tudes. 10 
5. Their ſpecifick gravities will be in a compound 
ratio of their abſolute weights directly and magni» 
tudes inverſely. | 

6. Their magnitudes will be in a compound ratio 
of their abſolute weights directly, and their ſpecifick 
gravities inverſely. | 

To fit theſe rules to-our purpoſe, we ought fur- 
ther to know the exact weight of ſome certain mag- 
nitude of a determinate body whoſe ſpecifick gravi- 
ty we can readily compare with that of all other bo- 
dies; ſuch I take water to be, which I therefore make 
choice of. Now a cubick foot of water weighs pre- 
Ciſely 1000 averdupois ounces I have found it to be 
very nearly ſo myſelf, and by comparing ſeveral ex- 
per:ments that have been made by others for this 
purpoſe, I find there is ſometimes an exceſs at other 
times a defect, but the difference is always inconſider- 
able. It falls out very happily and is a great eaſe in 
calculation, that one cubick foot of water, with 
which other bodies are moſt eaſily compared, and 
whoſe ſpecifick gravity is commonly expreſſed by an 
unit, ſhould weigh ſuch a round number of ounces. 

We have another convenience by taking the weight 
thus by ounces, that we can by this means the more 
eaſily expreſs our deductions by other ancient and 
modern weights, For it has been ſufficiently proved 
that the ancient and modern Roman ounce has no ſen- 
ſible difference from our averdupois ounce, and it is 
well known that other ancient and modern weights 
are moſt eaſily referred to thoſe of the Romans. 

Our averdupois ounce contains 437+ grains troy, 
and ouraverdupois pound contains 7000 grains troy, 
ſo that the averdupois ounce is to the troy ounce near- 
ly as 51 to 56, and the averdupois pound to the troy 
pound nearly as 17 to 14. We may therefore by * 

© 
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of theſe proportions make a reduction from either of 
theſe weights by the other. | 5 

It being evident then by experiment that a cubick 

foot of water weighs 1000 averdupois ounces, we may 
hence ſhorten and facilitate the rules which were laid 
down in more general terms, by compounded propor- 
tions, and inſtead of them make uſe of theſe follow- 
ing; whichall along ſuppoſe the ſpecifick gravities of 
bodies to be expreſſed by a ſcale of numbers wherein 
1000 is put for the ſpecifick gravity of water, and 
their abſolute weight to be expreſſed by the number 
and parts of averdupois ounces, and their magnitude 
to be expreſſed by the number and parts of a cubick 
foot. | 

I. The abſolute weight of any body is equal to the 
product which ariſes by multiplying its magnitude 
and ſpecifick gravity together. | 

2, The ſpecifick gravity of any body is equal to 
the quotient of its abſolute weight divided by its 
magnitude. 

3. The magnitude of any body is equal to the quo- 
tient of its abſolute weight divided by its ſpecifick 
gravity. 

Theſe three rules may be ſufficient and are eaſy e- 
nough to be practiſed : I will givean example fitted to 
each. Suppoſe an architect, being about to build a 
church were deſirous toknow beforehand what weight 
of lead is requiſite to cover it, in order tocompute the 
expence he muſt be at. He knows by the dimenſions 
he has propoſed to himſelf, that the area to be co- 
vered is 30000 feet, and is ſatisfied by experience 
that the thickneſs of an hundreth partof a foot is ſuffi- 
_ cient; multiplying then 30000 by , or dividing 
it by 100, the magnitude of the lead whoſe weight 
he requires will be 300 cubick feet. By making ex- 
periment or by ſome table he finds that the ſpecifick 
gravity of lead is 11325 * the ſame time that the 


ſpecifick 
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ſpecifick gravity of water is 1000. Multiplyin 
«5 ai — to the firſt rule the ſ — wat 
vity 11325 by zoo the magnitude, the product will 
3397500, which is the number of ounces that the 
lead will weigh. There are 35840 ounces in a tun, 
if therefore the product be divided by the number of 
ounces, the quotient will be the number of tuns re- 
quiſite to cover the whole building, which amounts 

to 94 and about + of a tun. | 
Suppoſe again for an example of the ſecond rule 
that a poliſhed parallelopiped of fine marble is in 
magnitude equal to 4 cubick feet, and when weighed 
comes to 6 hundred weight and 3 pounds, and it 
were required to find the ſpecifick gravity of it. An 
hundred weight being 112 ſingle pounds, 6 hundred 
weight and. 3 pounds will be equal to 675 ſingle 
pounds, which multiplied by 16 makes 10800 oun- 
ces. If then according to the ſecond rule, we divide 
the weight of marble by 4 its magnitude, the quoti- 
ent 2700 will be the ſpecifick gravity of marble as 
1000 is the ſpecifick gravity of water. By this me- 
thod we find the ſpecifick gravities of bodies without 
the help of hydroſtaticks, but as this method can ſel- 
dom be put in practice by reaſon of the irregular fi- 
gures of moſt bodies which we may have occaſion to 
examine, ſo is it never ſo accurate as the hydroſtati- 
cal way which J have already explained. | 

The third rule is of excellent uſe for determining 
the magnitude of any body how irregular ſoever it 
be, provided we can aſſign both its abſolute and 
ſpecifick weight. Let ſeveral fragments of coral be 
propoſed, whoſe ſpecifick gravity we find to be 
2690; ſuppoſe their weight be 7 ounces ; divide then 
according to the rule, the abſolute weight 7 by the 
ſpecifick gravity 2690, the quotient will give the to- 
tal magnitude of all the fragments equal to +2 of 
a cubick foot; to reduce that to cubick inches, _ 
upp 
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tiply theſe parts of a cubick foot by 1728, the num- 
ber of cubick inches contained in a cubick foot, the 
product will be four inches arid very nearly an half, 
which is the total magnitude of all the irregular frag- 
ments which were propoſed to be meaſured: which 
is an eaſy and very exact way of obtaining the di- 
menſions of ſeveral bodies which cannot be brought 
under the rules of geometry. 
Another uſe which I mentioned of theſe hydroſta- 
tical tryals, was to diſcover in what proportion any 
two bodies are mixed together in a compoſition of- 
fered to be examined. The data requiſite tor this pur- 
poſe, are the ſpecifick gravities of the mixture and 
of the two ingredients; theſe are all of them to be 
obtained by the hydroſtatical ballance, and are ſuffi- 
_ cient for the diſcovery, by the help ot the following 
rules of proportion. | * 
As the difference of the ſpecifick gravities of the 
mixture and the lighter ingredient, is to the diffe- 
rence of the ſpecifick gravities of the mixture and 
heavier ingredient, ſo is the magnitude of the heavier 
to the magnitude of the lighter ingredięnt; then as 
the magnitude of the heavier ingredient multiplied 
into its ſpecifick gravity, is to the magnitude of the 
lighter ingredient multiplied into its ſpecifick gravi- 
ty, ſo is the weight of the heavier ingredient to the 
weight of the lighter. 
he reaſon of this laſt rule is obvious enough from 
what has been ſaid before, and the reaſon of the firſt 
may eaſily be found out by thoſe who are qualified 
to underſtand it when demonſtrated ; I will therefore 
paſs it over and propoſe an example, | 
Let it be the famous one of king Hiero's Crown. 
Suppoſe then the ſpecifick gravity of the gold, which 
the King furniſhed his workman with for making the 
crown were as 19, and the ſpecifick gravity of the 
crown as it was debaſed, were 16, and the ſpecifick 
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gravity of the ſilver which the workman uſed for that 


purpoſe were 1 1, we are from theſe data thus to ſtate 
our proportion according to thefirſt Rule. As 5 the 
difference of 16 and 11, the ſpecifick gravities of the 
mixture and lighter ingredient, is to 3 the difference 
of 16 and 19, the ſpecifick gravities of the mixture 
and heavier ingredient, fo is the magnitude of the 
heavier ingredient gold, to the magnitude of the 
lighter ingredient ſilver; by which it appears, that of 
the magnitude of the crown, 3 parts in 8 were ſilver. 
Then by the ſecond rule we muſt ſay as 95, the pro- 
duct of 5 and 19, the magnitude and ſpecifick gra- 
vity of the heavier ingredient gold, is to 33 the pro- 
duct of 3 and 11, the magnitude and ſpecifick gravi- 
ty of the lighter ingredient ſilver; ſo is the weight 
of the heavier ingredient gold, to the weight of the 


lighter ingredient ſilver. By which it appears that of 


the whole weight of the crown 33 parts in 128, or 
ſomewhat more than a fourth part were ſilver, if the 
circumſtances were really ſuch as we ſuppoſed them 
to be (a). Thus may the fineneſs of coins be examin- 


td and the proportion of alloy be determined without 
any detriment. And what has been ſaid as to metals 


may be applied to other bodies and even fluids to very 
ood purpoſes, if due caution be taken. 

The third and laſt thing propoſed was to give ſome 
inſtances of the uſefulneſs of theſe enquiries to phy- 
ſicians, chymiſts, apothecaries, jewellers, goldſmiths, 
Rc. Mr. Boyle has treated this ſubject very fully in 
his excellent Medicina Hydroſtatica, I will therefore 


{a ) The rule abovementioned may be thus found out. Let the 
magnitudes of the gold and filver in the crown be A and B, and 


- theixſpecifick gravities as a and 6 ; then, ſince the abſolute gravity 


or weight of any body is compounded of its magnitude ſpeci- 


fick gravity, the weight of the gold is a 4, of the filver b B, and of 


the crown a AEB « A-+ B ſuppoſing c is the ſpecifick gra- 
vity of the mixture. Tt ting ey yu conle- 


; quently c — þ; gc: : 4: B, which is he ruleabovementioned. 


tranſcribe 
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tranſcribe ſome things from that book of his; a few _ 
will ſuffice to encourage the reading of it to thoſe who 
have not yet done it, and many would be tediqus to 
thoſe who haye. Having made it probable in his trea- 
tiſe of gems, that divers, if not moſt, of the real vir- 
tuesof precious ſtones may in great part proceed from 
the quantities of metalline and mineral ſubſtances, 
that in the ſtate of fluidity or ſoftneſs were incorporat- 
ed with the ſtony matter, which hardened afterwards 
into a gem, he was hence induced to ſuſpect that di- 
vers boles, clayes and other earths, that ſeveral mi- 
nerals not looked upon as metalline, that ſeveral 
ſtones which are commonly neglected for want of 
beauty, may yet beendowed with conſiderable medi- 
cinal virtues, and perhaps with greater than the finer 
gems themſelves; upon account of the great quantity 
of metalline and mineral ſubſtances, with which they 
might be impregnated whilſt they were in ſolutis priu- 
ciptis: The method which he propoſes for the explo- 
ration of foſſils, is by finding their ſpecifick gravities. 
For fince the moſt pure and homogeneous kind of 
ſtones, .are in gravity to water as about 2+ to 1; and 
tin the lighteſt of metals is about 7 times heavier than 
water; if a ſtony ſubſtance be found to exceed in gra- 
vity that proportion of 24 to 1, it mult be probable 
that it has in it ſome adventitious matter of a metal- 
line nature, or is at leaſt commixed with ſome mine- 
ral body more heavy than pure ſtone ; and may there- 
fore very probably be uſefully applied to ſome me- 
dicinal purpoſes. He illuſtrates this matter by expe- 
riments made upon ſome ſubſtances which are found. 
to be uſeful in phyfick; ſuch are the lapis hæmatites 
or blood-ſtone, lapis lazuli, the load-ſtone, and lapis 
calaminaris, which he found to bein gravity to water, 
eſpectively as 4.15, 3.00, 4.93 and 4.92 to 1. 

A ſecond uſe which he propoſes of the hydroſtati- 

cal way of enquiry, is to find out whether a body pro- 
| F 3 pounded 
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nded as likely to be a ſtone of the mineral kind, 

ſo indeed. Thus coral which, ſays he, ſome take 

to be a plant, others a lithodendron, but moſt reckon 
it among precious ſtones, is in gravity to water as 
2.68 to 1, which favours the laſt opinion. Thus a 
pearl was found to be in gravity as 2.51 a calculus bu- 
manus was in gravity as 1.73 a bezoaras 1.5. Theſe 
two laſt he thinks ought to be diſtinguiſhed from 
common ſtones, being ſo much lighter, and he there 
fore chuſes rather to call them animal ſtones than ſing - 
ly ſtones. A third uſe which he propoſes, is to diſco- 
ver the reſemblance or difference between bodies of 
the ſame denomination. A fourth uſe is to diſcern ge- 
nuine ſtones from counterfeit ones, which may be of 
great help to jewellers. He inſtances in factitious co- 
ral and factitious gems, which he found out that way 
not to be genuine. A bezoar which in appearance 
ſeemed to be very fair and by no meansa counterfeit,” 
and had therefore a great price ſet on it, was the ſame" 
way detected, being found to be as ponderous as a mi- 
neral ſtone of the ſame bigneſs, whereas it ought to 
have been nearly as light again. Thus mercury has 
been ſometimes found not altogether 13 times and an 
half heavier than water; at other times it has bern ob- 
ſerved to be ſomewhat above 14 times heavier.  * * 
Now that we may obſerve this by the way, here 
may hence ariſe a notable difference in two weather- 
glaſſes at the ſame time and in the ſame place, if the 
mercury of the one be not of the ſame gravity with: 
the mercury of the other, and the difference may a- 
mount even to a whole inch; Thoſe therefore who 
publiſh regiſters of the weather, oughtalſo to find out” 
and declare to the world the ſpecifick gravity of the 
quickſilver they make uſe of in their tubes. | 
After the ſame method may an eſtimate be made 
of the goodneſs of any of thoſe ſubſtances that com- 
poſe the materia medica, which is of great uſe to phy- 
| Rs: - 
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ſicians, chymiſts, apothecaries and druggiſts. Hence 
alſo may the goldſmith be aſſiſted in judging of the 
fineneſs of his metals, and the merchant in his choice 
of ſand gold and other precious commodites which 
are often counterfeited ; and the miner may hence 
inform his judgment concerning the various ſubſtan- 
ces he meets with under ground. : 
To conclude, this excellent philoſopher, about the 
end of his book lets us know the high value he has for 
this method in the following words. As little skill 
6 as have in hydroſtaticks I would not be debarred 
5 from the uſe of them for a conſiderable ſum of mo- 
4e ney 3 it having already done me acceptable ſervice, 
* 2nd on far more occaſions than I myſelf expected 
$ at firſt, eſpecially in the examen of metals and mi- 
«© neral bodies, and of ſeveral chymical productions. 
And I have been able more than once or twice to 
$* undeceiveartiſts and other experimenters, that bo- 
<« za fide, believed they had made, or were poſſeſſors 
of, luna fixa, as they call it, and other valuable 
* things; and to make a judgment of the genuineneſs 
or falſity, and the degrees of worth and ſtrength 
6 in their kind, of divers richer and poorer metal- 
line mixtures and other bodies, ſome folid and ſome 
liquid, whoſe fair I might otherwiſe 
no 


* have mych puzzled, t deceived me,” 


LECTURE VII. 


The ſeveral phenomena of the Torricellian experiment 
exhibited and explained. 


| A 'VIN o exhibited the principal phenomena of 
H the Torricellian experiment (a), Ineed not uſe 
many words to evince their dependence upon the gra- 


fa ) The principal phænomena of the Torricellian experiment, 
ſo called . — of its inventor, are repreſented by FI d. 30, 
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vitation of the air. Let us ſuppoſe that theſe things 
were altogether new to us, and laying aſide all former 
prejudices in favour of any hypotheſis, Jet us try whe- 
ther a due conſideration of the effects which we have 
ſeen, may not be ſufficient to lead us into the know- 
ledge of their cauſes. It appears at firſt ſight to be 
altogether repugnant to the laws of hydroſtaticks, 
that the quickſilver within the tube ſhould beſo much 
more elevated than that within the veſſel into which 


in the following manner. Having filled a glaſs tube with quickfil- 


ver and covered its orifice with your finger, and inverted it, and 
immerſed the finger in a veſſel of quickfilver ; upon Poe wh the 
finger from the orifice, the quickfilver will never wholly ſubſide; 
if the tube be long enough, it will ſubſide in part, till it reſts ata cer- 
tain altitude, generally een 31 and 28 inches; but if the tube 
22 that altitude, called the ſtandard, it will not ſub» 
at all. | ; 5.4 

It is further remarkable, if ſeveral tubes of various . ſhapes 
and capacities be thus filled and inverted, that the ſurfaces of the 
contained quickſilver will reſt exactly upon the fame level in all, 
whether held upright or any way inclined. I fay exactly, provided 
the bore of none of the tubes be toonarrow, and due care be taken 
in filling them to expel all the little air-bubbles that adhere to their 
inſides : which may be done by putting a lender wire into the tube 


: 2 up and down ; or, if the tube and quickſilver be very 


clean, as they ought, by leaving about an inch or leſs of the tube 
unfilled, by covering its orifice with your finger and by inverting it 
gently, that the air in the vacant part may aſcend gradually alon 
the tube, and ſweep up the little air bubbles along with it; and 
laſtly by reverting it gradually to its former poſition and filling it 
up with quickſilver. | 

In this latter method take care that the large air-bubble may not 
aſcend too quick, left by its ruſaing againſt the crown of the tabe 
with violence, it ſhould break it. Alſo in emptying the tube, for 
fear of the like accident, take care firſt to incline in it, then to draw 
the orifice gently above the ſurface of the — quick ſilver, and 
immediately to immerſe it again, ſo as to take in but little air at a 
time. 

This is the way of making a weather- glaſs, which will be com · 
pleat when placed in a common frame, having at the ſide a ſcale 
of three inches, divided into tenths as uſual, and placed at the height 
of 28 inches aboye the ſurface of the quickfilyer in the baſon. 


it 
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it was inverted. For imagining an horizontal plane 
to paſs by the lower orifice of the tube through the 
the body of the qui ckſilver within the veſſel, it will 
be evident that the part of the plane which is con- 
tiguous to and placed directly under the faid orifice, | 
has a greater weight of quickſilver incumbent — : 
it than any other equal part of the ſame plane. Now 
we have often ſeen in the farmer week, that fluids 
cannot poſlibly reſt in eguilibrio, whilſt the equal parts 
of ſuch an imaginary horizontal plane are unequally 
preſſed upon, which nevertheleſs happens in our pre- 
ſent experiments; therefore we mult neceſſarily con- 
clude, cither that the general courſe of things is here 
interrupted and that theſe phenomena are a ſort of 
miracle in nature, or that there is, contrary to what 
does at firſt ſight appear, an equality of preſſure up- 
on every part of our imaginary plane. If there be that - 
equality of preſſure, it muſt proceed either from ſome 
increaſe of the leſſer or ſome diminution of the great 
er, or perhaps from both ; that is, there muſt either 
be ſome, as yet by us unheeded preſſure, added ro 
that of the quickſilver in the veſſel, or ſome ſuſpen- 
ſion of the quickſilver in the tube, whereby its exceſs 
„e Re: 
et it then be conſidered how either of theſe ways 
may be accounted for. I the equality proceeds from 
ſome preſſure added to that of the quickſilver in the 
veſſel, it muſt ariſe from ſomething contiguous to 
the ſurface of the veſſelled quickſilver. Since then the 
ſurface is contiguous to the air only, nothing but the 
— — of the air can be that additional force I have 
itherto been ſpeaking of. The preſſure of the air is 
therefore one of the cauſes we are to examine. We 
are alſo to conſider of the other, and to enquire how 
the exceſs of preſſure of the quickſilver in the tube 
may be ſuſpended; and here Imuſt needs confeſs my- 
{lf to be utterly at a loſs, not being able to imagine 
p . any 
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any cauſe ſufficient for this effect, that ſhall at the 
ſame time agree with the reſt of the appearances of 
nature. Franciſcus Linus does indeed imagine he has 
found out what I deſpair of; let him then be anſwer- 
able for his own conceit, which it may not be impro- 
per in this place to give you ſome account of ; and I 
cannot do it better, ſince I have not Linus's book by 
me, than in the words of Dr. Power. His principles 
art theſe. | * | 
1. That there is an inſeparability of bodies, ſo that 

there can be no vacuities in rerum natura. 

2. That the deſerted part of the tube is filled with 
a ſmall film of quickſilver, which being taken off 
from the upper part of it, is both extenyated and ex- 
tended through the ſeeming vacuity. K 

3. That by this extended film or rope, as he calls 
it, of dilated quickfilver, the reſt of the quickſilver 
in the tube is ſuſpended, and kept up from falling in- 
**... 

4. That this funicle or rope is exceedingly rare 
and extended by the — dent quickſil- 


ver, and will, upon removal of that violent cauſe 
which ſo holds it, recontra&t itſelf into its former di- 
menſions again, and ſo draw up what body ſoever it 
hath hold of along with it; as the effluviums of an e- 
lectrick body, upon its retreat, plucks up ſtraws or 
any other thing with it, that it is able to weild. 

5. That this extenſion of the film of quickſilver is 
not indefinite, but hath a certain limit beyond which 
it will not be ſtretched ; and therefore if the tube be 
of an exceeding great height, the quickſilver will ra- 
ther part with another film and extend that, and ſo 
a third or fourth till it come to the ſtandard of 29 
inches where it reſts, having not weight nor power e- 
 nough to ſeparate another film from it. 

Theſe are his principles, and that you may have a 
taſte of the application he makes of them, I will — 

that 
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that his reaſon why the quickfilver in a tube under 29 
inches deſcends not at all is this, becauſe it ſticks 
with its uppermoſt ſurface ſo cloſe to the top of the 
tube, that there is not weight enough to break that 
adheſion; the reaſon whereof is, becauſe there is no- 
thing to ſucceed in the room of the deſcending quick - 
filver, and therefore it firmly ſticks there ne daretur 
vacuum. a | 
In longer tubes it falls to that ſtandard, becauſe 
then the greater weight of the quickſilver is able to 
| break that link of contiguity or adheſion, and there- 
fore the uppermolt ſurface of the quickſilyer being 

ſliced off, 1s dilated into a thin column or: funicle, 
which ſupplies that ſeeming vacuity. Now, ſays Dr. 
Power, for the poſitive arguments to avouch his prin- 
ciples by, he has none at all, only what he fetches a 
Poſteriore, from his commodious ſolution of difficulties 
and falving the phznomena better than others have 
done. This is the hypotheſis of Linus, and the only 
one I have met with that pretends to account for our 
phenomena by taking off the exceſs of gravitation 
of the quickſilver in the tube. | | 
Thus much then we have hitherto eſtabliſhed, that 
nature either ſuſpends her ſettled laws for the produc- 
tion of theſe phænomena, or that there is ſome additi- 
onal . communicated to the quickſilver in the 
veſſel, which can be no other, as has been proved, than 
the preſſure of the air which is contiguous to it; or 
laſtly that the exceſs of preſſure from the quickſilver 
in the tubes is by ſome way or other, which I confeſs 
I cannot diſcover, taken off or rendered ineffectual. 

It is unreaſonable to imagine that nature ſhould 
forſake her wonted paths upon ſo trifling an occaſion; 
it 8 certain we have no precedents to warrant ſuch 
a a ſuſpicion ; it has indeed been ſtrenuouſly maintain- 
ed by the ſchools, that nature does at all — 
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any of her laws to prevent a vacuum, to which 
they confidently tell us ſhe has a moſt dreadful aver- 
Gon, Now by nature they muſt mean, if they mean 
any thing, either the author of all created beings or 
che creatures themſelves; if they would be underſtood 
in the firſt ſenſe, they do unavoidably charge omni- 
ſcience its ſelt with incogitancy, ſuppoſing him ſo to 
have. created the world as continually to ſtandin need 
of miracles for its preſervation; it being in their own 
Power as often as they pleaſe, to make a trifling ex- 
periment to put him to the neceſſity of interpoſing 
to hinder a vacuum. If they mean by nature the crea · 
tures themſelves, then they muſt of neceflity fall into 
another abſurdity, whilſt they ſuppoſe-brute matter 
to be intelligent, and to put its ſelf into action in pute 
ſuit of ſome determinate-end. . 
This I preſume may be ſufficient to expoſe thee 
groſs. opinion concerning a figs vacui, ſuppoſing it 
— account for our experiments, which it cannot do 
by any means. When the length of the tube was leſs 
than 30 or 29 inches or thereabouts, — — 
as we ſaw did not aſcend, and thereby deſert the top 
of the tube, ſo as to leave a vacuity. behind it; here 
indeed 1t poſſibly might be pretended that nature 
went out of her way to prevent a vacuum ; wiy then 
was ſhe not equally concerned to do it when the tube 
was longer? It muſt at laſt be ſaid that her power 
is limited and kept in by certain determinate laws. 
There remains then but two ways of explaining 
the phznomena we are concerned with. The preſſure 
of the air upon the quickſilver in the veſſel, or ſome 
unknown cauſe which takes off the exceſs of preſſure 
from the quickſilver in the tube. Let us now try whe- 
her either of them may poſſibly be excluded, ſo that 
at length we may be certain what to fix upon. | 
> ans 1 AE IT IER of Mr. 
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Azont as an experimentum crucivin our preſent enqui- 
ry (a). We are chiefly to attend to what happened in 


tte upper tube and ciſtern. It was evident that the 


cuickfilver which remained in the upper ciftern, af- 


ter opening the orifice of the lower tube, was free 
from the contact of the air; if therefore the elevati- 


on of the quickſilver in the tubes in the former ex- 


periments, did proceed from the preſſure of the air 


; 2 M. Axzout's experiment conſiſts 
of ſeveral parts. In Fre. 31, ab is the lower baſon, b c the lower 
tube, c 4 ef the upper baſon, whoſe bottom part is skrewed at c in- 
to a hollow braſs collar cemented round the top of the lower tube, 
and e fg is the tube, put through a braſs collar cemented to it 
atfand s into the upper part of this baſon. This tube reaches 
FCC 
* one ere es a 1 i, 
bent, underneath the cement, towards'the middle of the hn, as to 
reach down towards the orifice of the under tube c 6. 

The manner of making the experiment is this. The bottom of 
the lower tube is d with two parallel collars of hard ce- 
ment, having a neck between , for the convenience of ing a 
piece of wet btdttter very tight over this orifice of the tube. Havin 
taken off the ciſtern and tube, firſt fl the lower tube with 
qui , purged of air bubbles; then skrew on the up 
baſon, and fill it with quickſilver, which will alſo fill the incl 

ipe hi; then skrew in the upper tube and fill it alſo with quick- 
Ever, well purged of air-bubbles, up to the very top, and tye a wet 
bladder over it in the ſame manner as below. 
| Theinſtrument being thus filled, with a ſmall penknife immerſed 
in the quickſilver in the lower baſon, cut ſlits in the lower bladder, 
for the quickſilyer in the tubes to deſcend through; by which 
means the upper tube will firſt be evacuated and then the upper 
of the upper baſon, as lo as the upper orifice of the pez 
then will this pipe be next eva and the upper part of the lower 
tube, ſo far as to leave no more in it than a column equal to the 
— ITT, as in the Torricellian experiment made with a 
e tube. ; 
upon unskrewing the upper tube, ſo as to admit ſome air gra- 
dually — the 3 the unkfieer will — to the 
ſtandard altitude in the upper tube, and deſcend quite to the bottom 
of the lower tube. Laſtly upon pricking the upper bladder with 
= pin, he admired air will depreſs the quiet in this tube al, 
upon 
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of the air only. 
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| upon the quickſilver in the ciſtern, becauſe in th 


18 u 

per ciſtern there was no ſuch preſſure, thete — 
to be no ſuch elevation; but if the elevation of the 
quickſilver in the former experiments did depend up- 
on ſome other unknown cauſe, by which the exceſs of 
preſſure from the quickſilver in the tube was taken 
off, then ought the quickſilver in the tube to remain 
alſo elevated in this experiment, all circumſtances 
being the ſame here as in the former, excepting that 
the air is here excluded from the ſurface of the quick - 
ſilver in the upper ciſtern. Since then in this deciſive 
experiment we ſaw that the quick ſilvᷣer in the upper 


tube was not elevated as in the former experiments, 


but fell down to the level of that which was contain 
ed in the ciſtern, we may very ſecurely from hence 


conclude, that its elevation in the former experiments 


was not owing to any other cauſe, but to the preſſure 

For a further confirmation of this concluſion, which 
yet needs not any, we may obſerve, that as the air was 
permitted gradually to enter into the upper ciſtern, 
ſo was the quick ſilver gradually elevated in the up · 
per tube, till it had attained its ſtandard altitude of 
about 29 or 30 inches; and at the ſame time the 
quickſilver in the lower tube was depreſſed gradual- 
ly, till it was reduced to the level of that in the lower 
ciſtern. For the air being ſuffered to preſs equally pu- 
on the quick ſilver in the lower tube and upon that in 
the lower ciſtern, there is now no reaſon why it ſhould 
be any longer elevated, as it was when the air preſſ- 
ed only upon that within the ciſtern. You will here- 
after meet with ſtill further proofs and confirmations 
of the air's preſſure. | 

It is now our buſineſs to account for that obſerva- 
tion, which was made upon theſe experiments, that 
the perpendicular altitude of the quickſilver in the 
tube above that in the ciſtern is conſtantly the ſame, 
whatever be the length, wideneſs, figure or — 

| 5 4 
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of it. We have ſeen already that the preſſure of the 
air is that additional force which counterba llances the 
exceſs of gravity from the quickſilver in the tube; ĩt 
will follow from hence that, that part of the upper 
ſurface of the quick ſilver in the ciſtern which is con- 
rained within the orifice of the tube, is juſt ſo much, 
neither more nor leſs, preſſed upon by the quickſilver 
in the tube, as any other equal part of the ſame ſur- 
face is preſſed upon by the weight of the column of 
air incumbent on it. 

We ſaw in the laſt week, that the preſſure of all 
fluids upon any propofed plane was according to their 
altitudes; that as long as the altitude was the ſame, 
the preſſure was alſo the ſame, though the quantity of 
the preſſing fluid was never ſo much altered, either 
by being contained in a veſſel differently figured or 
differently inclined, Therefore in all the caſes of the 
experiments which have been made this day, the prei- 
ſure of the quickſilver contained in the tubes, how- 
ever figured or ſituated, is every where the ſame, and 
every where equal to the 22 of the air upon the 
other equal parts of the ſurface of the quickſilver in 
the ciſtern, becauſe, as we ſaw, the altitude is always 
the ſame. The elevation of the quick filver always to 
the ſame height, ought not then to be urged as an ar- 
gument againſt what we have proved, that the gra- 
vitation of the air is the cauſe of the phænomena in 
the Torricellian experiment, ſince we have ſhewn it 
to be a neceſſary effect of that cauſe. 

Let us now proceed to thoſe experiments which 
were made to determine the force requiſite to bear up 
the inverted tube (a). We obſerved that the force 


(a) In Fic. 32, 4 ö repreſents the Torricellian tube immerſed 
in a baſon of quickfilver, and ſuſpended at the beam of a ballance 
by the ſtring a, lapped about the end of the tube and faſtened to it 
with hard cement. The tube being counterpoiſed with weights m 
the oppoſite ſcale, its orifice plays freely within the quickfilyer in 

was 
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was, as nearly as we could eſtimate it, equal to the 
weight of the tube and the quickſilver contained in 
it z abating the weight of ſo much quickſilver as was 
equal in magnitude to the part immerſed. This phæ- 
nomenon does at firſt view ſeem to difagree with 
what we have hitherto advanced, and to favour the 
funicular hypotheſis; accordingly the patrons of that 
hypotheſis have not been wanting to make uſe of it 
for their purpoſe, For if the preſſure of the air upon 
the ſurface of the quickſilver in the veſſel, be the true 
cauſe of the elevation of the quickſilver in the tube, 
it ſhould ſeem that the weight of the quickſilver in 
the tube, being ſuſtained by that preſſure of the air, 
ought not in the leaſt to be perceived by the hand of 
him who holds up the tube; and that he ought to be 
ſenſible only of the bare weight of the tube. Since 
then the weight of the quickſilver, as appears by our 
experiments, does alſo ſeem to load the hand, it may 
perhaps be ſuſpected that the quickſilver is connect- 
ed to the top of the tube by Linus's rope. | 
But we ought to obſerve that this weight, which 
at firſt ſight one would be apt to aſcribe to the quick- 
filver contained in the tube, is not in reality the weight 
of the quickſilver, that being unqueſtionably ſup- 
ported by the preſſure of the air upon the ſtagnant 
quickſilver of the ciſtern below, but is the weight of 
the column of air incumbent upon the crown of the 


the baſon, and is hindered from aſcending accidentally above it, k 
a table placed under the oppoſite ſcale. With your finger immerſ- 
ed in the quickſilver, having covered the orifice of the tube and 
ſhut x from column within it, take it up and incline it 
till it be quite inverted, then putting the cloſed end into the quick- 
filver in the baſon, hang the open end upon the ballance by the 
ftring b, and the beam will again be in equilibrio as before 
g repreſents a like tube, ſhorter than the ſtandard altitude, 
which being hung at the ballance by the ſtring a or g; at either end, 
will alſo counterpoiſe the fame weight in both poſitions, I believe 
Dr. Wallis was the inventor of this experiment, has 
| : tube, 
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tube, which is equivalent to the weight of the quick- 
filver contained in the tube, and which we therefore 
unwarily are apt to look upon as the very weight of 

ver it ſelf. For the weight of that air 
ought in this experiment to be perceived by the bal- 
lance, or by the hand of him who held up the tube; 
ſince it is nat counterballanced and ſo taken off by 
an equal preſſure from below, as it is when the tube 
is empty thatcounterballance being now otherways 
employed in bearing up the quickſilver within the 


There have been ſeveral warm diſputes, but tolits - 
tle purpoſe, about the ſpace in the topof the Torricel · 
lian tube, which is deſerted by the deſcendingquicks 
filver, ſome holding it to be an abſolute vacuity, o- 
thers denying that there is or can be any ſuch thing 
in nature. T heir materia ſubtilis is always ready upon 
any difficulty, and they employ. it a thouſand ways 
as, occaſion. requires. This we may ſecurely affirm 
and it. is ſufficient for our purpoſe, that the deſerts 
ed ſpace, if it be not altogether free from the com · 
mon air we breathe; yet is ſo as to all ſenſe; which 
we i certain of by inclining the tube; for. tha 
quick ſilver will again repoſſeſs the ſpace it had for- 
merly quitted, which it could not do, were that ſpace 
taken up by the air. We may indeed ſometimes, up- 
on inclina tion, perceive iome air ſtill lurk ing behind, 
but the quantity of. it is generally ſo ſmall, if care be 
taken in making the experiment, that it deſerves not 
to be regarded. | 
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LECTURE VIII. 


Mr. Paſcal's imitation of the Torricellian experiment by 

- water; other experiments of the like nature with flu- 
ids variouſly combined; the preſſure of the air ſhewn 
by experiment to be different at different altitudes from 
the ſurface of the earth. N 


PROCURED the apparatus for that chargeable and 
1 troubleſome experiment of Mr. Paſchal (a) rather 
as a curioſity than as abſolutely neceſſary to our pur- 
poſe; for ſince the preſſure of the arr was able to 
keep the quickſibver in the Torricellian tube, elevated 
to the altitude of about 29 or 30 inches, as we yeſter- 
day ſaw, we might without making the experiment 
ſafely conclude, that the ſame preſſure of the air 
would be ſufficient to keep water elevated in the Paſ- 
calian tube to an altitude about 14 times greater; that 
is, to about 34 feet. For ſince quickſilver, as we found 
by the hydroſtatical ballance, is about 14 times ſpe- 
cifically heavier than common water, ſo the altitude 
of water requiſite to counterballance the preſſure of 
the air, ought to be about 14 times as great as the 
altitude of quickſilver requiſite for the ſame purpoſe. 
But matter of fact is always more convincing than a- 
ny reaſon how well ſoever it be grounded, and what 
we ſee with our eyes is always more ſatisfactory than 
any relation of what has been · done by others. We 
have therefore ventured to repeat that noble experi- 
ment, which had alſo been tried by others with ſuc- 
ceſs, though not very often by reaſon of the great 
difficulty in managing it. | 
Mr. Paſcal is ſaid to be the firſt that attempted it. 
The learned and induſtriousJeſuit GaſparSchottus has, 

a) The beft way of trying this is ſufficiently de- 
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in his Technica curioſa, given us an account, from a let- 
ter of Mr. Roberval, of the motives which chiefly 
induced Mr, Paſcal to make this tryal. He tells us 
from that letter, that Mr. Paſcal did at Roan in Nor- 
mandy exhibit this experiment with water and wine, 
in tubes of cryſtal glaſs 40 feet long, which were fix- 
ed to the maſt of a ſhip, that was contrived to be 
raiſed and depreſſed as need required. Healſoinforms 
us that the occaſion of having recourſe to tubes of 
that length, was, that when ſeveral learned men ſaw 
the quickſilver in the Torricellian experiment, when 
it deſerted the upper part of the tube, ſo to deſcend 
as always to poſſeſs in the lower part of the tube, the 
altitude of 2 Paris feet and 3 + inches nearly, mea- 
ſured perpendicularly from the ſurface of the quick- 
ſilver in the veſſel underneath, they divided into dit- 
ferent opinions; and ſome of them who were peripati- 
ticks aſſerted, that in the upper part of the tube, deſert- 
ed by the quickſilver, there was contained ſome ſpirits 
evaporated from the quickſilver, which being rare- 
fed did fill that part, thereby helping nature now 
pu to her ſhifts, againſt her mortal enemy a vacuum. 
ow Mr. Paſcal, thathe mightplainly convince theſe 
men of their error, procured (ſays Roberval) cryſtal 
tubes of 40 feet in length to be tied to a maſt, and 
engines to be applied as was ſaid before; and having 
fixed upon a day and a ſpacious place near the glaſs- 
houſe, he invited all to be preſent to ſee wonders. 
Now Mr. Paſcal had privately made a calculation 
of water and wine, compared with quickſilver as to 
their gravities, that thence he might find out the al- 
titude due to each of them, ſo as they might equi- 
ponderate; and he found, that taking 2 Paris feet and 
3+ inches for the altitude of quickſilver, the altitude 
due to the water muſt be 31 feet and about 35 and 
in like manner the altitude due to the wine mult be 
31 feet and + nearly, Then before he opened any 
_— | e thing 
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thing of his deſign, by queſtioning them he eaſily 
made them confeſs that there was certainly a greater 
quantity of ſpirits.in wine than in wa . ſo that if 
the experiment could be made with thoſe liquots, the 
wine would leave a greater ſpace i in the top of the 
tube than the water, provided the tubes were of the 
equal lengths. This being al lowed him, the maſt was 
Thewn with the tubes tied to it, which being filled, the 
one with water, the other with wine, and their orifi- 
ces being cloſed, the maſt was erected, and veſſels 
were applied to the orifices, the one filled with wine, 
the other with water, into which the orifices were im- 
merſed, the tubes ſtill remaining full till their orifi- 
ces were opened; which, when done, the liquors con- 
tained in the tubes did ſo deſcend, as that after they 
came to reſt, the altitude of the water in its tube, a- 
bove the ſurface of the water in the veſſel helow, was 
31 feet and, about , but the altitude of the wine * 
ſomewhat, greater, being 31 feet and about +; the 
upper parts of both tubes remaining to appearance 
void of any ching, 4 is uſual. in the Torricellian ex- 
iment. 

The liquors i in the rakes: were ns changed; 
that being filled with water which was before filled 
wine, and that with wine which was hefore filled with 
water; notwithſtanding this, no alteration was ob- 
— as to the altitudes. Thus did he confute his ad- 
verſaries from their own conceſſions, ſhewing them, 
if their hypothelis were true, that a greater ſpace was 
neceſſarily occupied by the. ſpirits of water than by, 
thoſe of wine, and conſequently that water was more 
ſpirituous than wine; contrary to all reaſon and ex- 

Perience, 
Let us now come to thoſe experiments which were 
made by combining two different fluids in the ſame 
tube. The trials we made were with quick ſilver and 
water, quickſilver and air, water and air, and theſe 
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are ſufficient to let us underſtand what the event would 
be if any other fluids be made uſe of. We have ſeen 
that quickſilver is elevated by the preſſure of the air 
to about 29 inches and g;, and water to about 34 feet. 
It is eaſy then to underſtand that a mixture of quick - 
ſilver and water, muſt needs be raiſed by the ſame 
preſſure to ſome intermediate altitude; what that al- 
titude will preciſely be, muſt be determined by the 
particular quantity of water we employ in the ex- 
periment. 7 t XS 
Let us ſuppoſe that the quickſilver we make uſe 
of is 14 times ſpecifically heavier than the water, and 
that the ſtate of the weather is ſuch, thatthe weight 
of the air is equipollent to 30 inches of that quickſil- 
ver, as it often happens to be; putting then 28 inches 
of water into the tube, we may thus compute before 
hand what the event will be: 28 inches of water are 
equal in weight to 2 inches of quickſilver, 28 inches 
being equal to 14 times 2 inches of quickſilver, as 
the f Pecikck gravity of quickſilver is r4 times greater 
than the ſpecifick gravity of water; but the air was 
able to ſuſtain 30 inches of quickſilver by ſuppoſi- 
tion; ſince then theſe 28 inches of water are equal but 
to 2 of the 30, there remains 28 inches more of quick- 
filver to equal the preſſure of the air. The whole 


compound then of quickſilver and water will be ſuſ: 


tained at the altitude of twice 28 or 56 inches. 
Suppoſe again that 14 inches of water were placed 
in the tube; then becauſe 14 inches of water are e- 
= to one of quickſilver; taking that one inch 
rom 30 as before, there will remain 29 due to the 
N ſo that the whole compound of quick- 
Iver and water together will ſtand at 43 inches. 
If quickfilver and air be to be combined together 
in the ſame tube, it will be much more difficult to 
make an eſtimate of the altitude at which the quick - 
filver will ſtand, than in the former caſe; the problem 
46 -. WY 85 
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is properly algebraical, and he who will ſolve it muſt 
do it analytically, for which reaſon I ſhall omit it in 
this place and invert the problem, Inftead of com- 
puting at what height the quickſilver will ſtand for 
any propoſed quantity of air lodged in the top of the 
tube, I will here ſhew how to determine the quanti- 
ty of air which being placed in theupper paxt of the 
tube, will cauſe the quickſilver to reſt at any given 
altitude leſs than the Torricellian ſtandard. 

The rule may be thus ſtated : as the ſtandard al- 
titude of the quickſilver in the Torricellian tube at 
the time of making the experiment, is to the defect 
of the propoſed altitude from that ſtandard, ſo is the 
length of that upper part of the tube which is to be 
leftfree from quickGtver after inverſion, to the length 
of that part of the tube which is to be left free from 
quickſilver before the inverſion. Rt 

I will firſt endeavour to make this rule clearly un- 
derſtood by an example or two, and then give the 
reaſon of it. Suppoſe at a time when the altitude of 
the quickſilver in the Torricellian tube or barometer 
is 30 inches, it were required to fill a tube of 36 inches 
partly with quickſilver and partly with air, ſo that 
after inverſion the altitude of the quickſilver may be 
20 inches. Let us ſuppoſe that when the tube is in- 
verted, one inch of it is immerſed in the ſtagnant 
quickſilver of the veſſel below, ſo that there remains 
but 35 inches above the ſurface of the ſtagnant 
quickſilver; the defect of the propoſed altitude 20 
inches from the ſtandard altitude 30 inches, is equal 

to 10 inches; the length of the upper part of the tube 
which is to be left free from quickſilver after inverſi- 
en, is 15 inches; for there being but 35 inches of 
the tube extant above the ſurface of the quickſilver 
in the veſſel, and 20 of theſe 35 being poſſeſſed by 
the quickſilver, there will remain 15 free from the 


quickſilver; we muſt ſay then, by the rule, as 30 
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of 18 inches. 
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inches, the ſtandard altitude, are to 10 inches the de- 
fect of the propoſed altitude from the ſtandard, ſo 
are 15 inches, the length of the upper part of the tube 
to be left free from quick ſilver after inverſion, to 5. 
inches, the length of that part of the tube which is 
to be left free from quickſilver before the inverſion, 
If then we fill the tube with quickſilver excepting 3 
inches which we leave to be poſſeſſed by the air, then 
cloſing the orifice we invert it, theſe 3 inches of air 
will readily aſcend to the topof the tube afterwards 
unmerſing the lower end an inch deep under the 
quick ſilver in the veſſel, when we uncover the ori- 
ce, the quickſilver will immediately fall down to 
the altitude of 20 inches, which was the thing pro- 
ſed to be effected; and the air which did juſt be- 
re poſſeſs only 5 inches, will now upon. the retreat 

of the quickſilver dilate. itſelf to 15. 

In this le the tube was 36 inches long, which 
is more.than the ſtandard ; ſuppoſe now it were but 
24 which1s leſs than the ſtandard ; let an inch as be- 
fore be immerſed in the veſſel, there will then be but 
23 extant, and let it be propoſed to find out how much 


air muſt be left in the tube before inverſion, to make 


the quickſilver reſt at the altitude of 18 anches after 
inverſion, The defect of 18 inches from the ſtandar 

is 12 inches; the upper part of the tube which is to 
be free from the quickſilver, is 5 inches, 18 of the 
23 inchesextant being to be poſſeſſed by it. Say then 
as 30, the ſtandard, is to 12, the defect of the alti- 
tude propoſed from the ſtandard, ſo is 5, the part 
free from quick (ſilver after inverſion, to 2, the part to 
be left free from quickſilver before inverſion. If then 
the tube be filled with quick ſilver excepting 2 inches, 
after inverſion the quickſilver will reſt at thealtitude 
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In order to make out this rule we muſt obſerve, in 
the firſt place, that there is 8 ſpring or elaſtical power 
== 4 in 
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in the air we live in; by which T mean that our air 
either conſiſts of, or at leaft abounds with parts of 
ſuch a nature, that in caſe they be com and 
thereby reduced into leſſer dimenſions, either by the 
weight of the incumbent part of the atmoſphere, or 
by any other force, ey endeavour as much as in 
them lies, to free themſelves from that preſſure, and 
to repain their former dimenſions, b 1 
the contiguous bodies that k in, is is 
what any one may obſerve in a blown bladder; the 
air contained in it may by the force of his hands be 
reduced into a leſſer ſpace, but then as ſoon as the 
force is removed, it will immediately expand itſelf as 
before, and you may perceive even whilſt you com- 
preſs it, a very great endeavour to free itſelf from the 
violence you offer to it. Fs | 
In the ſecond place we may obſerve, that this e- 
laſtical or expanſive power of the air is equivalent ta 
the force which compreſſes itz for were it leſs, it 
would till yield to a further degree of compreſſion, 
and were it greater, it would not ſuffer itſelf ro be ſo 
much reduced, action and reaction being always e- 
qual. It follows from hence, that the elaſtick power 
of any ſmall parcel of the air we breathe, is equiva- 
lent to the weight of the incumbent part of the at. 
moſphere, that weight being the force which confines 
it to the dimenſions it poſſeſſes. Though this aſſerti- 
on may at firſt view ſeem a paradox, yet, as was faid 
before, if the elaſticity or ſpring of this ſmall porti- 
on of air, were not fo great as the weight of the in- 
cumbent part of the F it would yield to 
that weight and permit itſeſf to be confined in nar- 
rower bounds. n 
In the third place we may take notice, that by a 
reater compreſſion, the air is ſtil] reduced into leſſer 
dimenſions, and on the contrary, its dimenſions are 
enlarged as its compreſſion is diminiſhed. We _ 
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y any reaſoningalone find out what ſort of proportion 
ph — to the compreſſions. The Author 
of nature might have ordered theſe things otherwiſe 
than he has done by infinite variations; we tult there. 
fore by experiments try what is the conſtitution of na- 
ture. [deſign therefore at our next meeting toattetmpþt 
this m_ * I hope —— to demonſtrate, that 
the ſpace which any propoſed quantity of air at an 
time poſſeſſes, is reciprocally as the force which 
compreſſes it. 
L When I fay the ſpace is reciprocally as the force, 
I mean that the ſpace is diminiſhed in the ſame pro- 
portion in which the force is increaſed, and increaſed 
in the ſame proportion in which the force is diminiſh- 
et: thus a double force reduces the air into half the 
e, a triple force teduces it into a third part of the 
pace it pofleſſed before; ſo half the force permits the 
ir to expand itſelf into double the ſpace, anda third 
part of the force permits to expand irſelf into a ſpace 
5 of that which it poſſeſſed before. 
No the force of elaſticity, being as I have alrea- 
dy proved, equal to the forte of compteſſion, it will 
follow that the force of elaflicity is reciprocally as the 
ſpace which the air takes up: which property I will 
at this time take for granted, and proceed to make 
out the truth of bur rule. 

In Fro. 33 and 34, let a e be the tube propoſtd, 
bc the altitude at which the quickſilvef᷑ is to ſtand, 
b d the ſtandatd altitude in the Torricellian experi- 
ment. The preſſure of the atmoſphere upon the ſur- 
face of the veſſel below is, in the Torricellian experi- 
ment, ballanced by the column of quickfilyer þ d, 
or e and cd together; in our preſent experiment 
it is ballanced by the weight of the column hc and 
the preſſure downwards of the air ec, contained in 
the top of the tube, upon the uppet fur face c of the 
clevated quickfilver 5 which preffure arĩſes not from 


the 
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the weight of that included air, for that is altogether 
inconſiderable, but from its elaſticity or endeavour to 
enlarge its dimenſions, which it can no otherways do 
but by depreſſing the quickſilver ch; the weight of 
the columns bc and cd is therefore equivalent to 
the weight of þ c and the elaſtick force of the air c e, 
both being equivalent to the preſſure of the atmo- 
2 upon the ſurface of the veſſel. The weight of 

e column of quickſilver c d is therefore equivalent 
to the elaſtick force of the included air ce. 

Let e f be the ſpace which that air in its natural 
ſtate did poſſeſs, when it was firſt lodged in the top of 
the tube, before it had depreſſed the quickſilver to 
c, and by its ſpring expanded itſelf to its new dimen- 
Gon ec, Its elaſtick force whilſt it was in its natu- 
ral extent e /, was equivalent to the preſſure of the 
atmoſphere, as has been already proved; and there- 
fore equivalent to the weight of the column of quick- 
ſilver b d. | A” 4 

Thus far then have we hitherto proceeded; we have 
found that the elaſticity of air in the ſpace of ec, is e- 
guivalent to the weight inc d; that the elaſticity of 
the ſame air in the ſpace ef is equivalent to the 
weight of b A; the elaſticity in ef therefore is to the 
elaſticity inec as bd to dc. | | 

Now by the property of the air which I told you 
was to be proved to morrow, that the elaſticity is re- 
ciprocally as the ſpace, it. follows that the elaſticity 
of the air in e, is to its elaſticity in ec, as the 
ſpace ec to the ſpace ef. Therefore as hd is to de, 
ſo is ec to e; that is, as the ſtandard altitude in 
the Torricellian tube at the time of making the expe- 
riment, is to the defect of the propoſed altitude from 
that ſtandard, ſo is the length of the upper part of 
of the tube which is to be left free from quickſilver 
after the inverſion, to the length of that part of the 
tube which is to be left free from quickſilver before 


— 
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the inverſion ; and this is what I undertook to make 
out (5). The ſame rule will hold good with a ſmall 
alteration, if inſtead of quickſilver we would combine 
water and air together in a tube of any propoſed 


) Fig. 33, 34. Having ef to find ee or c l, is the converſe 
of the foregoing propoſition, and as the author obſerved above, is 
to be ſolved analytically. | 

By the allowed property of air, that its elaſticity is reciprocally 
as the ſpace 1 ag ana we had ec: f: : 64: dc, or ic de 
64 ne; which ſhews that the queſtion abſtractly conſidered, is 
only to find a point c, in a given line # 4 produced, at which the 
rectangle under ce and cd, ſhall be equal to the given rectangle un- 
der 6 {and ef, Now ſince the ſides ce, c 4 ars related both alike to 
their difference 4 e, and conſequently both determinable by a like 
analyſis, it would be arbitrary to ſeek either of them rather than 
the other ; which intimates, that a ſimpler and better way will 
be, to biſect their given difference Je ing, Fis. 35, and to ſeek 
their half ſum gc. | 
Hence we have ce = eg + gd and c4= — gd, and ce x £4 
= —+gd x g—gd=0xy —gd = bd * of by the condition 
of the problem : which gives this Theorem, & g + bd ug, 
or, g=Y of —+ bd % of. | 
Me had an example in pag.86, where 64= zo inches, de = 5, 
and ef =5, Here + de or ds = 2.5. and, by the Theorem, 


g VNV + 150 =12. whoſe difference cd io and ſum 


ce 5, and the column ch = 20 inches. 

But inſtead of the Theorem for arithmetical computation, if a 
geometrical conſtruction be deſired; in F16.35,36, to the ſtandard 
altitude 5 4 add 4h = ef, and upon the diameter & & deſcribe a 
ſemicircle 5 ĩ &, cutting in i a line 47 drawn perpendicular to the 
tube; then biſecting & e in g, and joining g i, a circle deſcribed with 
the center g and ſemidiameter gi, will cut the tube in the point c 
where the ſurface of the column of quickſilver will reſt. 

This will appear from the Theorem cg* g + bd * ef = 
g4* +b4dx4h by conſtruction, g —+ di" by the known 
p of the ſemicircle b i h, = gi * by the property of the right 
angled triangle g 47. 3 7 

ut if a ſynthetical demonſtration be deſired, let the circle ci cut 

the produced tube in 4, then bd x ef = bd x 4h by 

=4di* by the known property of the circle ., == de 4% by 
the like property of the circle c iI, = &c x'ec; and by reſolving 


length. 
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length. We muſt then ſay as the ſtandard altitude of 
the water in the Paſcalian experiment, which is com- 
monly about 34 feet, is to the defect of that propoſ. 
ed altitude of the water from the ſtandard, Þ Ache 
length of the upper part of the tube which is to be 
left free from water after inverſion, to the length of 
that part of the tube which is to be left free from wa- 
ter before inverfion; we 

We may now go on to the experiment that was 
made at the top and bottom of the Obſervatory, 
which affords us as ſenſible an argument for the air's 
preſſure as can well be deſired, and of the difference 
of that preſſure at different altitudes (c). I muſt con- 
feſs I cannot ſee any objection that may with the leaſt 


the firſt and laſt rectangles into a proportion of their ſides, we have 
ec; :: bd: dc; therefore, by the property of the air's ſpring, 
the ſurface of the quickſilver will reſt ate. * 
The problem abſtractly conſidered, has two anſwers, becauſe the 
circle c i A cuts the produced line 4+ in two points ; whereof & has 
this property in our particular problem, that if the ſpace : A be fill- 
ed with a column of quickfilver, having a vacuum above it, its up- 
per ſurface will reſt at &, as that of the lower column does at c; he- 
cauſe the ſpring of the air included in the ſpace c e, is equipollent 
to the weight of a column whoſe length is e I or cd. = 
(<) FIG. 37. Having with a red hot iron burned a moderate 
ole length-ways through a cork, and ſqueezed it hard into a glaſs 
ottle, whoſe bottom is covered with water about an inch deep; and 
having run a glaſs tube, open at both ends, through the hole in the 
Eork, quite down into the water, and covered the top of the cork 
with cement, to hinder the air from paſſing by the ſides of it ; 
with your mouth applied to the top of the tube, force ſome air 
downwards into the water, till it riſes in bubbles above its ſurface, 
and increaſes the quantity of air within; whoſe ſpring, by p 
ſtronger how than before on the firface of the included water, will 
raiſe it in the tube above the mouth of the bottle. Then having 
placed the bottle in any convenient veſſel, and covered it all over 
with falt or ſand, to keep tlie included air of the ſame tempera- 
ture; after the ſurface of the elevated water is quite ſettled at any 
place of the tube, mark it by tying a thread about the tube or o- 
therwiſe. Then having carried the veſſel up to the higheſt place at 
hand, you will find the water riſen higher in the tube, and reſting 
above the mark: which plainly ſhews that the preſſure of the air 
| | N degree 
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degree of probability be ur ſt it. I ſhall not 
therefore go about to ph ce "m_ What ]- think 
moſt pertinent to obſerve concerning it, is this, that 
we axe not only from hence convinced of the weight 
of the air, but may hereby alſo determine the propor- 
tion of its ſpecifick gravity to that of water. The 
difference in height of the two places in which we 
made the experiment is 54 feet, and that difference in 
height cauſed the difference of 4 of an inch in the 
height of the water. By which it appears that a co- 
— — of 3 of an inch or ++ of a foot, is equi- 
ne to 4 column of air of 54. feet having the 
— Therefore the gravity of water is to that 
of air, as 54 t0:44 or 48 864 to.. 
We might have made with the Torricellian tube 


=” experiment like this, to ſhew the different preſ- 


ſure of; the air at different diſtances from the ſurface; 
of the earth, had the Obſervatory been much higher 
than it is. At the altitude of 54 feet the aſcent of the 
quickſilver would be too ſmall to ground any thing 
upon, being but about 2 of an inch, It was there- 
fore neceſſary to make yſe of the contrivance you have 

ſen, to ſupply the defect of ſome very. high moun- 
tain, upon which had any ſuch been near us, we might 
* a ſenſiblealteration even with the Baro- 
meter. Such an experiment was formerly madeat the 
deſire and by the direction of Mr. Paſcal, in the year 
1648, 1 the Puy de Domme, a very high moun- 
tain in France. It was then obſerved that in aſcend- 
” 3000 Patis feet, the n in the tube fell 


on he furlace of the water, i now leſs than it was below- 
r the air within the being — the ſame temperature as 


— preſſes by its n r Keen the included water within the fas To 


force ; which ballanced in part by a column of water in-t 
tube, now br 7 chan the — muſt 3 its to 
ballance made up y the weight of a lighter column air incum- 
be upon. the heanier cclumn of water. 

down 
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down 3 inches and + of an inch. To reduce this to 

Engliſh meaſure, we may ſay that aſcending 3204 
Engliſh feet, the height of the quickſilver was abated 

3 inches and + of an inch. Another experiment like 
this was made by Mr. Caſwell upon Snowdon Hill 
in Wales; he found that the height of 3720 feet a- 
bated the quickſilver 3 inches and . | 
It may not be amiſs here to add the reſultofa com- 
putation which I made of the weight of all the air 
which preſſes upon the whole ſurface of the earth, If 
this weight were to be expreſſed by the number of 
pounds it contains, that number would be ſo large as 
to be in a manner incomprehenſible. I will therefore 
make uſe of another way of expreſſing it, by deter- 
mining the diameter of a ſphere of lead, of the fame 
weight with all the air which preſſes upon the whole 
ſurface of the earth. Now that diameter was found to 
be very nearly 60 miles long, If any one has a deſire 
to make this calculationafter me, he may proceed up- 
on theſe grounds. That the weight of a column of air 
reaching to the top of the atmoſphere, is moſt com- 
monly equal to a column of water having the ſame 
baſis, and the altitude of 34 feet; that the ſemidia- 
meter of the earth is equal to 20949655 feet, and 

that the ſpecifick gravity of water is to that of lead as 

1000 to 11325. | | 
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The denſity and ſpring of the air proved to be as the forcs 
which compreſſes it, and from hence an enquiry is made 
into the limits and ſtate of the atmoſphere. 


I T was proved yeſterday that the air has a ſpring or 
elaſtical power, by which it conſtantly endea- 
vours to expand itſelf ; and that the force of that 
fpring is always equivalent to the force by which the 

| all 


ix. is as the compreſſing force, oy 
air is compreſſed; but we did at the ſame time take for 
granted that the ſpace which the air poſſeſſes is reci- 
procally as that force, and conſequently its denſity di- 
rectly as the ſame. Let us now try by making experi- 
ment, whether the aſſertion will hold true. The air 
may be either more rare or more denſe, than it is in that 
conſtitution of it, which we commonly, but perhaps 
ſomewhat improperly, call its natural ſtate. We will 
therefore by two different ſets of experiments make 
our trials upon it, firſt when it is more andafterwards 
when itisleſs expanded than as we uſually breathe it. 
Let ae in Fic. 33, be a tube hermetically ſealed 
at the end of e and open at the end a; plaeing the end 
downwards, if we fill the whole tube with quickſil- 
ver excepting a certain ſpace, which we leave to be 
poſſeſſed by the air, then ſtopping the orifice a and 
inverting the tube, we permit the included air to a- 
ſcend into the ſpace ef, afterwards immerſing the end 
@ into a veſſel of quickſilver, we open the orifice, 
which was before cloſed, the quickſilver will deſcend 
to c, and the air ef will thereby expand itſelf into 
the ſpace ec. Now if 5d be the ſtandard altitude in 
the Torricellian experiment, you may remember it 
was yeſterday proved that the force by which the air 
was compreſſed, whilſt it was contained in the ſpace 
e f, was equivalent to the weight of the column of 
quickſilver bd; and the force with which it was com- 
preſſed whilſt in the ſpace ec, was equivalent to the 
weight of the column of quickſilver dc. If then we find 
by mak ing experiment that the ſpace ec is conſtantly 
to the ſpace ef, as the force which compreſſes the air in 
the ſpace , is to the force which compreſſes the ſame 
air in the ſpace ec, that is, as the weight of the column 
bd to the weight of the column 4c, or as the length 
bd is to the length 4c, we may ſafely conclude that 
the ſpace which the air when rarefied poſſeſſes, is re- 
——_— as the force which compreſſes it. 


o examine alſo whether the ſame proportion holds 
a true 
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true for condenſed air, we may make uſe of a tube bent 
up like that in Fig. 38, whaſcextremity is ſuppoſed 
to be open, but g to be hermetically ſealed up. Pouring 
in then juſt ſo much quickſilver as willfill the bottom 
ik, ſo as to ſhut up the air ig from making its eſcape, 
if the ſurſaces of the —— at i and 4 be both 
upon the level, we may conclude that the preſſure of 
the air ig upon the ſurface i, is equivalent to the weight 
of that part of the atmoſphere which preſſes upon 
and therefore that the weight of a column of quickſil- 
ver of the ſtandard altitude, is equivalent to the force 
which compreſſes the air ig. After this if we pour in 
more quickſilyer at x till it aſcends in the longer leg 
to m, we ſnall at the ſame time percei ve it ta riſe in 
the ſhorter leg to h, and therefore the air which be- 
fore did poſſeſs the ſpace ig, will be condenſed: and 
reduced to the ſpace hg. Now in this caſo it is evi- 
dent that the force which compreſſes the air into the 
fpace bg, is equivalent to the weight of the column 
of quickſilver I, beſides the weight of a column of 
the ſtandard altitude, if I be upon the level with h. 
If then we find upon trial, that the ſpace bg is con- 
ſtantly to the ſpace ig, as the force which compreſſts 
the air whilſt it is contained in the ſpace i g, is to the 
force which compreſſes the ſame air hilſt it is con- 
tained in the ſpace bg, that is, as the ſtandard alti- 
tude is to the ſtandard altitude and the altitude I 
together, we may alſo conclude, that the air when 
condenſed does always poſſeſs a ſpace which is reci- 
procally as the force which compreſſes it. 65 
Let us try then whether the event will nearly an- 
ſwer what we expect. We may be certain there will 
be ſome ſmall difference after all the cautions we can 
ſſibly take, unleſs the bores of the tubes ec and gi, 
10. 33, 38, be truly cylindrical, which ſeldom or ne- 
ver happens; and the cauſe of that difference which 
may ariſe is this, that we ſuppoſe the ſpaces ef and 
ec, g i and gh to be to each other as their gens, 
| . 
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which ſuppoſition is erroneous unleſs the tubes be 
perfect cylinders. q 

Having yeſterday made it appear from reaſon, that 
the ſpring or elaſtick power of the air is as the force 
which compreſſes it, and having this day, as far as 
the unavoidable irregularity of tubes would permit 
us, ſhewn by ſeveral experiments that the denſity is 
alſo as the faid force, the ſpace it poſſeſſes being al- 
ways reciprocally as that force; we are now furniſhed 
with ſufficient data to make our enquiries concerning 
the limits of the atmoſphere, and to determine its 
ſtate, as to rarity, at different elevations from the 
earth's ſurface. 

If the air were of the ſame conſiſtence as to its ra- 
1 or denſity at all altitudes, it would be no diffi- 

t thing to ſet bounds to it. We collected from the 
experiment which was yeſterday made at the top and 
bottom of the Obſervatory, that the ſpecifick gravi- 
ty of water is about 850 times greater than the ſpe- 
cifick-gravity-of air (which thing will hereafter be 
further examined by an experiment particularly fit- 
ted for that purpoſe) and in the foregoing week we 
found by the hydroſtatical ballance, that quickſilver 
is about 14 times heavier than water; it follows then 
of conſequence that quickſilver is 14 times 850 de- 
grees heavier than air, that is, 11900 times heavier. 
We have ſeen by the Torricellian experiment, that a 
column of quick ſilver of 297 inches is uſually a coun- 
terpoiſe to a column of air, having the ſame baſe and 
reaching to the top of the atmoſphere ; if therefore 
the air be every where of the ſame denſity as it is here 
below, its altitude ought as many times to exceed the 
height of 29+ inches (which is the height of an equi- 
ponderant column of quickſilver) as its ſpecifick gra- 
vity falls ſnort of the ſpecifick gravity of quickſil- 
ver; that is, the height of the atmoſphere ought, up- 
on the ſuppoſition of an every 7 uniform denſity, 
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to be agen times 294 inches, or ſomewhat above 

z miles. | | 93 
P But it may be eaſily proved that this ſuppoſition 
does in no wiſe take place. For ſince every region 
of the air is compreſt by that part of the atmoſphere 
which is ſuperior to it, and ſince the higher parts 
have a leſſer weight incumbent upon them than the 
lower, and ſince the denſity of the air is every where 
as the force which compreſſes it; it will follow of ne- 
ceſſity that there is ſtil] a greater rarity of the air as 
it is further diſtant from the ſurface of the earth. 
How far the air may poſſibly admit of rarefaction 
and condenſation, has not yet, that I know of, been 
determined by any one. Mr. Boyle has obſerved that 
it may be ſo dilated as to become 10000 times rarer 
than it is in its natural ſtate. Dr. Halley ſays that he 
himſelf has ſeen air compreſſed ſo as to be 60 times 
denſer than it is as we commonly breath it; and Mon- 


fieur Papin relates that he was a witneſs that Mon- 


ſieur Huygeus did once in a glaſs veſſel compreſs r 
to the ſame degree before the glaſs was broken; yet 
never could any experimenter determine how much 
farther air might poſſibly be rarefied or condenſed, 
However it is certain there are in nature ſome limits 
which eannot be exceeded. No condenſation can reach 
ſo far as to cauſe a penetration of parts; and if the 
rarefaction of the air be ſtill greater, as its diſtance 
from the ſurface of the earth increaſeth, its ſpring will 
at length be ſo weakened, that the force with which 
every particle of it endeavours to tend upwards, from 
the particles which are next below it, will be weaker 
than the force of its own gravity which endeavours 
conſtantly to detain it. The rarefaction of the air 
muſt therefore be bounded where theſe two oppo- 
ſire forces come to ballance each other. 

Though this be certainly true that the air cannot poſ- 
ſibly expand itſelf beyond a certain meaſure upon ac- 
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count of its gravity, yet ſince men have not hitherto 
been able to ſet any bounds to its utmoſt expanſion, 
it is equally certain, that we cannot poſſibly define 
the limits of the atmoſphere. For as the air may be 


more and more rarefied, ſo will the ſame quantity of 


it, which equals the weight of about 30 inches of 
— be contained in a greater ſpace, and 
ereby thoſe limits be ſo much the wider. | 
Notwithſtanding this ſeeming difficulty, we may 
ſtill collect how much the air is rarefied at any pro- 
pe altitude from the ſurface of the earth, after the 
lowing manner, | 
In Fro. 39, let xaapæ repreſent a veſſel reachin 
from the forkice of the eh af to the top of the * 
moſphere x; and let us imagine the fide ax divided 
into inches ab, bc, cd, &c, and let the lines bk, cl, dm, 
en, &c, be drawn parallel to a. It is evident that 
the air contained between bk and cl, is rarer than the 
air contained between az and h, the former having 
a leſſer column of air xc/x incumbent upon it than 
the column xx, which preſſes upon the latter. Up- 
on the ſame account the air between c and dm is rarer 
than that between h and cl, and that between dm and 
en rarer than that between ci and dm; and thus eve- 
ry ſuperior inch of air is rarer than that below it. 
Let us now ſuppoſe that every inch of air is in all 
parts of it of an equal denſity, or that the air at is e- 
very where uniform, but denſer than the air i, which 
is alſo ſuppoſed to be every where uniform, but denſ- 
er than em, and that to be uniform itſelf, but denſer 
than du, and ſo onwards. 

Again let us ſuppoſe that the air I is reduced to 
a leſſer ſpace h, ſo as to become equally denſe with 
the air at, which is done by making the ſpace by leſſ- 
er than , in the ſame proportion that the air 4 is 
leſs denſe than the air at; after the fame manner let 
the air em be reduced to the ſpace cr, and the air an 
n H 2 to 
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to the ſpace ds, and ſo onwards, that thus every inch 
of air may be reduced to the ſame conſiſtence with 
the air cx. e ee 
Nov ĩt is evident from this conſtruction, that the 
ſpaces ak, bg, cr, ds, &c, will every where be as the 
- denſities reſpectively of the ſeveral inches of air, ak, 
bl, cm, dn; and it is alſo evident, that the quantity 
or weight of the air which reaches from any one of 
thoſe ſpaces up to the extremity of the atmoſphere, 

will every where beas the ſum of all the ſpaces which 
are ſituated above the ſpace propoſed. Thus the 
quantity or the weight of air above the ſpace ak, will 
be asthe ſam of the ſpaces bg, cr, ds, 4 fo. &c, and 
the quantity or weight of air above the ſpace cr, will 

be as the ſum of the ſpaces ds, et, fv, &c. For the air 
being every where reduced to the ſame conſiſtence, 
the quantity or weight of it will be as the ſpace it 


BT heſe things being laid down I may now without 
much difficulty proceed to eſtabliſh the concluſion I 
am at, which is this; That if any number of diſtances 
from the ſurface of the earth be-taken in an arith-, 
metical progreſſion, the denſities of the air at thoſe. 

diſtances will be in a geometrical progreſſion. - 
For ſince by the experiments which have this day 
been made, it appears that the denſity of the air is 
always as the force which compreſſes it, we muſt con- 
clude that the denſity of the air at any diſtance from, 
the ſurface of theearth, is as the quantity or weight 
of that part of the atmoſphere which is above. it. 
Therefore in our ſcheme, the denſities of the air be- 
tween aa and bk, bk and cl, cland dm, &c, are to each 
other reſpectively as the quantities of air above aa, 
bk, el, &c, up to the extremity of the atmoſphere. 
But we ſaw before that thoſe denſities were as the 
ſ paces ak, bg, cr, &c, reſpectively, and thoſe quanti- 
ties of air reaching to the extremity of the atmoſphere 
were 
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were as the ſpaces xbPqrs/vx, xcyritox, divx re- 
ſpectively; it follows then that the ſpaces ak, bg, cr 
are to each other reſpectively as the ſpaces æbgarstvx, 
%%% GS LI 2 
Now the former ſpaces ak, bg, cr are the differences 
of the latter, and it is well known to thoſe who un- 
derſtand any thing of the nature of proportions, when 
any ſet of quantities are to each other reſpectively as 
their differences, that then as well the quantities them- 
ſelves, 2 their differences, are in a geometrical pro- 
on (a). u | 
- The "ll ak, 5g, cr, are therefore 8 
cal progreſſion, as the diſtances ab, ac, ad are in an 
arithmetical progreſſion. And as the denſities of the 
air belonging to theſe three firſt inches, are in a geo- 
metrical progreſſion, ſo do the denſities of the air be- 
longing to every one of the other inches, which are 
ſuppoſed to be continued up to the extremity of the 
atmoſphere, decreaſe in the ſame geometrical pro- 
greſſion, as any one without difficulty may collect by 
the ſame way of reaſoning. | 
I have hitherto ſuppoſed for eaſe of conception, 

that the air is of the fame denſity in every part of 
each inch of altitude; nevertheleſs it is certain that 
every the leaſt variation of altitude cauſes a variation 
of denſity in the air. The concluſion however will not 
hereby be diſturbed; for if inſtead of dividing the 
altitude of the atmoſphere into inches as before, 
we conceive it now to be divided into its moſt inde- 
finitely minute parts; applying to theſe what we have 
{aid above concerning the inches, we ſhall at length 
deduce the ſame geometrical. progreſſion of denſities 
wy to à like arithmetical progreſſion of alti- 
CC : YEE: - ; | 
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Now becauſe the rarity of any body is reciprocally 
as its denſity, we may alſo conclude that, as the di- 
ſtances from the ſurface of the earth do increaſe in an 
arithmetical progreſſion, ſa do the different degrees 
of rarity of the air increaſe in a geometrical progreſ-- 
ſion. 

T his property of the air was firſt, that I know of, 
obſerved by Dr. Halley, but becauſe his demonſtra- 
tion cannot be underſtood by thoſe who are unac- 
quainted with the nature of the hyperbolick line, and 
Dr. Gregory in his demonſtration of the ſame thing, 
which may be ſeen in the fifth book of his Aſtronomy, 
ſuppoſes his reader to be furniſhed with ſo much geo- 
metry as not to be ignorant of the properties of the 
logarithmick line, I have endeavoured to make the 
thing intelligible by a method which may be eaſy e- 
ven to thoſe who have never medled with curvilinear 
figures, 

Let us ſee now what help we have from this pro- 
perty, to determine how much the air is really rare- 
fied at any propoſed elevation from the ſurface of 
the earth. 

Since the elevations are the terms of an arithmeti- 
cal progreſſion as the rarities are the terms of a geo- 
metrical, it follows that the elevation 1s every where 
proportionable to the logarithm of the rarity. If then 
by experiment we can poſſibly find the rarity of the 
air at any one elevation, we may by the rule of pro- 
portion find what is the rarity at any other propoſed 
elevation: by ſaying, as the elevation at which the 
experiment was made, is to the elevation propoſed, 
ſo is the logarithm of the air's rarity which was ob- 
ſerved at the eleyation where the experiment was 
made, to the logarithm of the air's rarity at the ele- 
vation propoſed. 

Thus I collected from the celebrated French expe- 
riment at the Puy de Domme, which I yeſterday gave 

you 
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you an account of, that at the altitude of 7 miles the 
air is ſomewhat above 4 times rarer than at the ſur- 
face of the earth. By the ſame method I collected 
from the experiment of Mr, Caſwell, made upon 
Snowden Hill, that at the ſame altitude of 7 miles the 
air is not altogether ſo much as 4 times rarer than at 
the ſurface z the difference on both ſides was inconſi- 
derable, We may take a mean therefore and ſay in a 
round number, that at the altitude of 7 miles the air 
is about 4 times rarer than at the ſurface of the earth. 
Sir 1ſaac Newton in his late additions to his Op- 
ticks, makes uſe of this very proportion (5), what 
pane he went upon is difficult to gueſs, however 
am ſatisfied of the concluſion from my own com- 
putation. Now from what has been already proved, 
that the rarity of the air is augmented in a geometri- 
cal, as the altitude is augmented in an arithmetical 
progreſſion, it follows that every ſeven miles added 
to thealtitude, doesalways require a rarity of the air 
ſtill 4 times greater. Therefore at the altitude of 14 
miles the air is 16 times rarer than at the ſurface, 
at the altitude of 21 miles it is 64 times rarer, at the 
altitude of 28 miles 256 times, at 35 miles 1024 
times, at 70 miles about a million of times, at 140 
miles a million of million of times, at 210 miles a 
million of million of millions of times, if the air can 


poſſibly expand itſelf to ſo large dimenſions. 


Hence we may eaſily gather that the air at the al- 


titude of 500 miles, if the atmoſphere can reach ſo 


far, muſt neceſſarily be there ſo much rarefied, that if 
a globe of the air we breath in, of an inch diameter, 
were as much dilated, it would poſſeſſs a larger ſpace 
than the whole ſphere of Saturn. The ſemidiameter 
of the earth is nearly 4000 miles, which 1s 8 times 5 


) In the laſt edition he makes it 4 times rarer at the height 


of 7! miles, and 16 times rarer at 15 miles, and ſo on, but gives 
no reaſon for this alteration. 
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hundred miles; with good reaſon then might chat ex. 


cellent philoſopher I have lately been mentioning, 
tell us in his Principia, that the air at the altitude of a 
ſemidiameter of the earth, is at leaſt ſo re 
rarefied as I have decribed it to be at an altitude 
times leſs, | 
It appears from the olilnreations of Gs 
the duration of twilight, and of the magnitude of 
the terreſtrial ſhadow in lunar eclipſes, that theeffect 
of the atmoſphere to reflect and intercept the light 
of the ſun, is ſenſible even to thealtitudeof between 
40 and go miles. So far then we may be certain that 
the atmoſphere reaches, and at that altitude we may 
collect, from what has been already faid, that the air 
5s about 10000 times rarer than at the ſurface of the 
earth, How much farther than this altitude of be- 
tween 40 and 50 miles the atmoſphere may be ex- 
tended, I muſt confel I amaltogether ignorant, there 
being no data, that I know of, from which a in 
altitude may indubitably be concluded. 
There has indeed been often ſeen in theatmoſphere 
ſome very luminous parts, even near the zenithabout 
midnight, but I dare not conclude any thing from 
ſuch appearances. If I ſhould aſſert, as ſome have 
done, that theſe luminous' parts are nothing elſe but 
ſome terreſtrial exhalations floating in the air at a 
digious altitude, and thereby reflecting the light of 
the ſun, which they are expoſed to at that great height, 
to our eyes, it will be next to impoſſible to give any 
tolerable account, how thoſe exhalations can be denſe 
enough to reflect ſo copious a light at that vaſt di- 
ſtance, and at the ſame time be ſupported by a medi- 
um, I may ſay, almoſt infinitely rarer than the air 
we breath in. It ſeems more probable that theſe ex- 
traordinary lights proceed from ſome ſelf- -thiningf . 
or aerial 9 | A 
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A ſurpriſing appearance of this kind was ſeen here 


at Cambridge about 10 of clock at night, and at o- 
ther very diſtant places, on the 2oth of march · in the 


r 1706. It was a ſemicircle of light, of about two 


f : 


thirds of the ordmary breadth of the milky way, but 


much brighter. The top of it paſſed very near our 
zenith inclining about 4 or 5 degrees to the north; it 
croſſed the horizon at a very {mall diſtance from the 


welt towards the ſouth, and again about as far from 


the eaſt towards the north. It was moſt vivid and beſt 
defined about the weſtern horizon, and moſt faint a- 
bout the zenith, where it firſt began to diſappear: 
there was at the ſame time an Aurora borealis. A 
friend of mine ſaw the ſame appearance in Lincoln- 
ſhire,/at'the diſtance of about 70 miles north of Cam- 
bridge; the ſemicircle ſeemed to him to lie in the plane 
of the æquator. From theſe two obſervations com- 
red together it is eaſy to collect, that the matter 
om which that light proceeded, was elevated above 
the earth's/ſurface between 40 and go miles. f 
Having now finiſhed what I deſign'd to repreſent 
concerning the limits and different degrees of rarity 


of the atmoſphere at different altitudes, I might here 


conclude ; but becauſe it may poſlibly be expected I 
ſhould add ſomething in this place concerning the 
cauſe of the-air's elaſticity, upon which theſe deduc- 
tions were grounded, it may not be amiſs to declare 
here, that of all the ſeveral hypotheſes which have 
hitherto been ſuggeſted for this purpoſe, that of Sir 
Jaac Newton ſeems to me to be the moſt probable. 
He has demonftrated in the ſecond book of his Princi- 
pia, that if the particles of the air be of ſuch a nature 
as to recede from each other with centrifugal forces 
reciprocally proportionable to their diſtances, they 
will compoſe an elaſtical fluid whoſe denſity will al- 


x 


ways be as the force which compreſſes it; and any _ 
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who reads the late additions to his Opticks will per- 
5 that that hypotheſis is not advanced without 
ON, 


LECTURE X. | 
7 he effetts of the weight and ſpring of the air in ſyringes, 


pumps, ſyphons, poliſhed plates, cupping-glaſſes, ſuc- 
tion, reſpiration, c. 


HAVE hitherto been proving that the air has 
weight, and conſequently preſſes upon all bodies 
to which it is contiguous, We have found that at the 
ſurface of the earth, the preſſure of any column of air 
is equivalent to the weight of a column of quickſilver 
having the ſame baſis and its altitude of about 292 
inches; or to the weight of a column of water, having 
the ſame baſis and its altitude about 34 feet; that 
the preſſure is leſſened always as the elevation from 
the ſurface of the earth becomes greater; that the air 
has alſo an elaſtical power, by which it endeavours as 
far as. is poſſible to expand itſelf; that this elaſtical 
power of the air is equal to the force which compreſ- 
ſes itz that the ſpace it poſſeſſes is always reciprocally 
as that force, and conſequently its denſity directly as 
the ſame; that the degrees of denſity of the atmo- 
ſphere are different at different altitudes, the air be- 
ing ſtill rarer as the altitude is greater; that the ra- 
rity of the air increaſes in a geometrical progreſſion 
as the altitudes increaſe in an arithmetical one, the air 
at every 7 miles of height being always 4 times more 

rare than before. 

Let us now come to thoſe effects of the preſſure of 
this ſubtle fluid, whether cauſed by its weight or 
ſpring, which were formerly thought to proceed from 
that abhorrence which they ſay nature ever has of a 
vacuum. Amongſt theſe we may reckon the phæno- 
mena of ſyringes, pumps, ſyphons, poliſhed plates, 
cupping- 
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cupping glaſſes, ſuction, reſpiration and others of the 
like nature. Mr, Paſcal in his little French treatiſe 
concerning the gravity of theair, has given usa very 
good account of theſe things. I ſhall therefore for the 
moſt part make uſe of his explications, fince it would 
be needleſs to go about to make new ones. His me- 
thod is this, he firſt recites the principal effects which 
| were wont to be aſcribed to a fuga vacui, and after- 
wards ſhews that they pr from the preſſure of 
the air, 

EFirſt then a pair of bellows whoſe vents are all well 
cloſed up, are difficult to be opened; as we attempt 
to do it we perceive a reſiſtance as if the ſides were 
glued together. After the ſame manner the ſucker of 
a ſyringe, which is ſtopped at the bottom, reſiſts the 
force we apply to draw it out, as if it were ſome way 
faſtened to the bottom. It is pretended that this reſiſt. 
ance proceeds from the abhorrence which nature has 
of a vacuum, which would happen in both caſes, if 
the ſides of the bellows were disjoined, or the ſucker 
of the ſyringe drawn out. That opinion is confirmed 
by this, that the reſiſtance ceaſes as ſoon as the air is 

mitted to enter. | | 

Secondly two poliſhed bodiesapplicd together are 
difficult to be ſeparated and ſeem to adhere to each 
other, It is pretended that this adherence proceeds 
from the like abhorrence of a vacuum, which would 
happen during the time which the air would take up 
in coming from the edges to the middle, FE 

Thirdly when the pipe of a ſyringe is immerſed in 
a veſſel of water, if you draw up the ſucker the was» 
ter will follow it and aſcend as if it did adhere to it, 
Thus in a pump which is a longer ſyringe, the water 
aſcends and follows the ſucker, being raiſed up in 
the ſame manner. It is pretended that this elevation 
of water proceeds from the endeavours of nature a- 
gainſt a vacuum, which would happen in the ſpace 
| deſerted 
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deſerted by the ſucker, if the water ſhould not aſcend; 
fince the air is excluded; which is confirmed by this, 
that the water will no „ aſcend if the engine has 
any leaks ſo as to admit the air to come in. | 
After the ſame manner if you place the noſe of 4 
pair of bellows under water, and open it ſuddenly, the 
water will aſcend to fill it, becauſe the air cannot, and 
the experiment will ſucceed the better if the bellows 
be entirely cloſed up. Thus placing your mouth un- 
der water and ſucking, you may attract the water for 
the ſame reaſon; for the lungs may be compared ta 
a pair of bellows. Thus in reſpiration we draw in the 
air, juſt as a pair of bellows by being opened attracts 
the air to fill up its cavity. Thus if you place a light- 
ed piece of paper in a glaſs, and ſuddenly invert it in- 
to a veſſel of water, as the flame decreaſes ſo will you 
ſee the water aſcend into the glaſs; for the air in the 
glaſs being rarefied by the flame, when it afterwards 
comes to be condenſed by the cold water, upon con- 
tracting its dimenſions it will draw up with it ſome 
of the water to fill the ſpace it has deſerted. Thus do 
cupping glaſſes draw thefleſh and cauſe a ſwelling 
for the air in the cupping glaſs being rarefied by heat; 
when it comes again to be condenſed after the lame 
is — it draws in the fleſh to fill up the 
ſpace it has deſerted, as before it drew in the water. 
Fourthly if you fill a bottle with water, and invert 
the neck of it into a veſſel filled with other water, 
the water will remain ſuſpended in the bottle with- 
out falling out. It is pretended that this ſuſpenſion 
proceeds from a fuga vacui; for there would neceſ- 
ſarily be left a void ſpace if the water ſhould deſcend, 
ſince the air cannot come in to fill it up; which they 
confirm by this obſervation, that if the air be ſuffer- 
ed to enter by ſome hole the wacer will immediately 
fall down. 
F * if ſyphon be NO with water and its 


leg 
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legs be immerſed into two different veſſels of water, 


it will come to paſs, if one of the veſſels be higher 
than the other, that the water contained in the higher 
will aſcend to the top of the ſyphon, and then de- 
ſcend into the lower veſſel, ſo that if you continually 


ſupply the higher veſſel with water, the flux will be 


perpetual. It is pretended that this elevation of wa- 
ter is to be aſcribed to the endeavours of nature to 
hinder a vacuum, which would happen within the ſy- 
phon, if the water contained in thoſe two leſs ſhould 


deſcend each into its veſſel below; which actually 


comes to. paſs when the air can come in at the top of 
the ſyphon through ſome hole. 
Many other effects there are of the like nature, 
which have been omitted as being nearly the ſame 
with thoſe already deſcribed ; in all of them there ap- 
pears nothing more than this, that all contiguous bo- 
dies reſiſt any effort made to ſeparate them, when 
the air cannot ſucceed them; whether that effort be 


their own proper weight, as in the examples where 


water aſcends and remains ſuſpended notwithſtand- 


ing its weight; or whether it proceed from ſome force 


applied to diſunite them, asin the firſt example. Such 
effects as theſe have commonly been aſcribed to a fu- 
ga vacui, let us now ſee how. they depend upon the 
prefiure'of their. | 
To explain how the preſſure of the air is thecauſe 
of that difficulty we perceive, in opening a pair of 
bellows, whilſt the air has no ingreſs, Mr. Paſcal puts 
his reader in: mind of what he had before been dif- 


courſing of, in his other treatiſe, concerning the equi- 


librium of liquors, that if a pair of bellows whoſe 
Pipe is 20 feet long or more be placed in a deep veſ- 
fel filled with water, ſo that the end of the pipe be 
above the ſurface of the water, it will be very diffi- 
cult to be opened, and by ſo much the more as the 
altitude of the water above the ſides of the bellows 
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is the greater; which proceeds matiifeſtly from the 
weight of the ſuperior water. For before any water 
be poured into the veſſel, there is no difficulty in o- 
pening the bellows, but as more and more water is 
poured in, the reſiftance is continually augmented, 
and is always equivalent to the weight of the water 
which is ſupported. - For as no water can enter into 
the cavity of the bellows, the orifice of the pipe be- 
ing above the ſurface, it is evident that the ſides can- 
not be disjoined without raifing and ſuſtaining the 
ſuperior maſs of water. Now no body can here ſay 
that this reſiſtance proceeds from a fuga vacui, ſince 
the air has a free paſlage into the cavity by the ori- 
fice of the pipe which is above the water; it is ab- 
ſolutely certain therefore, that it depends intirely up- 
on the weight of the water. of 
What has been here ſaid as to the weight of the 
water, may be applied to any other fluid; for if the 
bellows be placed in a veſſel filled with wine, there 
will be the like reſiſtance, and the ſame may be ſaid 
zs to milk, oyl, quickſilver, or any other fluid what- 
ever. It is then a general rule and a neceſſary effect 
of the gravitation of fluids, that if a pair of bel- 
lows be placed in any fluid whatever, ſo that the flu- 
id have no acceſs to the cavity of the beliows, the 
weight of the ſuperior parts of the fluid will cauſe 
a reſiſtance to the opening of the bellows. If there- 
fore we apply the general rule to the air in particu- 
lar, we may ſay that when a pair of bellows is ſo 
ſtopt as to leave no ingreſs to the air, the weight of 
the ſuperior maſs of air will cauſe a refiſtance in o- 
pening the bellows, which reſiftance will ceaſe as ſoo 
as the air is permitted to enter. | 
What has been faid as to this effect will hold good 
as to others, in which I may be the more ſuccinct, 
having enlarged already ſo much upon this. It has 
been already ſhewn in the former week that the yy 
«s / ure 
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ſure of any fluid may produce effects s to 
thoſe of the ſyringe, pump, ſyphon and poliſhed 
plates, and the application was at the ſame time made 
to the air; Ineed not here therefore inſiſt upon them 
any longer. That would alſo have been the proper 
place for this experiment of the bellows under wa- 
ter, could it as eaſily have been made as deſcribed. 
However the deſcription of it may ſerve at leaſt to 
illuſtrate the concluſion upon whoſe account it was 
propoſed by its ingenious author, For it cannot but 
be evident to any one who is at all acquainted with 
hydroſtaticks, that the event muſt needs anſwer the 
deſcription that has been given of it. | 

The ſame thing alſo may be ſaid of the following 
| riment or inſtance propoſed by the ſame perſon 
to illuſtrate the effect of cupping glaſſes. He ſuppoſes 
that a tube of about 20 feet in length open at both 
ends, has one end which enlarges itſelf like the mouth 
of a funnel, applied to a man's thigh at a conſidera- 
ble depth under water, ſo as to hinder the water from 
preſſing upon that part alone of the thigh which is in- 


air nevertheleſs has a free acceſs by the other ed of 
the tube which is above the ſurface of the water. In this 
caſe, ſays he, it will come to paſs, that the part includ- 
ed within the orifice of the upper tube, will be con- 
ſiderably ſwelled out as if ſomething ſucked it in that 
place. Now it is plain that this ſwelling can by no 
| means be ſaid to proceed from a fuga vacui, ſince the 
tube is open to the air, and no ſuch thing would hap» 
pen if there were not any, or but very little, water to 
preſs upon the reſt of the body. It is therefore moſt 
certain that this effect depends purely upon the gra- 
vitation of the water; for whilſt it preſſes upon all o- 
ther parts of the body excepting that alone which is 
covered by the tube, to which it has no acceſs, it 
forces the blood and other yielding 5 
6 there 


cluded within the orifice of the tube, to which the 


112 Effects of the airs Let 
there is not ſo great a preſſure, and thereby cauſes the 
ſwelling. | — 
What has been ſaid as to the preſſure of water will 
hold true as to the preſſure of any other fluid; and 
therefore the preſſurè of the air may cauſe a like ſwel- 
ling, if it be greater upon the other parts of the body 
than upon that to which the cupping glaſs is appli- 
ed, as it certainly is. For the air within the cupping- 
glaſs being very much rarefied, and conſequently in 
part expelled by the heat, when it comes again to its 
uſual temper, its ſpring will be very much debilitat- 
ed, and therefore it will preſs leſs forcibly againſt 
che part of the body under the glaſs, than the exter · 
nal air upon the other parts of the body. 5 
I need not now uſe many words to explain how it 
comes to paſs, when any one places his mouth under 
water and ſucks, that the water aſcends for it is clear 
that the external air preſſes upon every part of the 
ſurface of the water, excepting that which is cover- 
ed by the mouth; and hence it happens, that when 
the muſcles ſerving for reſpiration, elevate the ribs 
and enlarge the capacity of the cheſt, the air within 
having a greater ſpace to fill than before, hath leſs 
force to hinder the entrance of the water into the 
mouth, than the external air has to promote that en- 
trance. This alſo is the cauſe of the attraction or ſuc- 
tion of any liquor by a tube, and it differs very lit- 
tle from the effect of the ſyringe. Thus a ſucking 
child at the breaſt of its nurſe; dra ws in its milk; the 
external air preſſing the breaſts of the nurſe on all 
parts excepting that which is covered by the child's 
mouth. Upon the ſame account in reſpiration the air 
enters into the lungs ; for as the cheſt is dilated, fo is 
the external air forced in by the weight of the ſupe- 
rior part of the atmoſphere; which is ſo intelligible, 
ſo eaſy and natural, that one would wonder that phi- 


loſophers ſhouldeyer have had recourſe to a fuga va- 
2 Cul, 
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cui, to occult qualities, to cauſes ſo foreign and chi- 
merical. * aw 

Thus may all the other effects which were once a- 
ſcribed to a fuga vacui, be ſhewed to depend upon the 
preſſure of the air, as cannot but be evident to thoſe 
who underitand the principles of hydroftaticks, and 
are ſatisfied that the air is a gravitating fluid; which 
thing I hope I have already proved, and ſhall here- 
after further confirm, But as the weight of the air is 
not infinite, but limited by certain bounds, ſo are the 
effects depending thereupon alſo limited. Thus wa- 
ter cannot by a pump be raiſed to any propoſed alti- 
tude. We know that a column of water of about 34 
feet in the altitude, is commonly a counterpoiſe to 
the preſſure of the atmoſphere ; that therefore is the 
utmoſt height to which the air in its mean ſtate of 
gravity can elevate the water in a pump. If the air 
happens to be more than ordinarily heavy, the water 
will aſcend ſomething higher, but ſcarce ever more 
than 36 feet. If the air be more than ordinarily light, 
the water will not come up 34 feet, nevertheleſs the 
air is ſeldom ſo light as not to be able to bear up wa- 
ter ſo far as 32 feet. 

It the operation of the pump did depend upon the 
fuga vacui, as it was commonly believed before Gali- 
lzd's time, then it would follow that water might be 
raiſed to any altitude how great ſoever; for why 
ſhould not nature have as great an averſion againſt 
a vacuum in one caſe as in another? And accordingly 
ſeveral who embraced that notion, have very confi- 
dently afferted, though they never made the experi- 
ment, that it might be raiſed ad libitum. But Galilzo 
obſerving that there was a certain ſtandard altitude, 
beyond which no water could be elevated by pump- 
ing, took an occaſion from thence to call in queſtion 
the doctrine of the ſchools concerning the ga, which 
began from that time to be 10 much ſuſpected, and 

s In 
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in the room thereof he happily ſubſtituted the hypo- 
theſis of the air's preſſure and gravitation. It was to 
him indeed little better than an hypotheſis, ſince it 
had not then thoſe confirmations from experiments 
which were afterwards found out by his ſcholar Tor- 
ricelliusand other ſucceeding philoſophers, particular- 
ly our excellent Mr. Boyle. | 

What has been ſaid of pumps may be alſo applied 
to ſyphons. It was formerly looked upon as unqueſti- 
onable, that water might be conveyed over the high- 
eſt mountains by the help of this inſtrument, if the 
un into which it was to be diſcharged, were but 
ower than the place from whence it was derived. We 
are now certain of the contrary by experiments made 
more than once: 34 feet is commonly the utmoſt 
height to which water can riſe as well in ſyphons as 
in pumps. In quickſilver the utmoſt altitude is leſs, 
being commonly about 29 f inches, 29 f inches of 
quickſilver and 34 feet of water being a counterpoiſe 
to the preſſure of the atmoſphere, upon which thoſe 
effects depend. 

Iwill add but one inſtance more concerning poliſh- 
ed plates; as their coheſion depends upon the limited 
preſſure of the air, ſo is the force requiſite for their 
ſeparation alſo limited, and may be thus computed. 
Since the force rec uiſite for their ſeparation muſt be 
equal at leaſt to the force which cauſes their coheſion, 
that is, to the preſſure of the air, and the preſſure of 
air upon any baſis is equal to the weight of a column 
of quickſilver having the ſame baſis and the altitude 
of about 29 f inches, it follows that the force requi- 
ſite to ſeparate the plates, ought to be equal at leaſt 
to the weight of a cylinder of 295 inches altitude, 
having the area of the plates for its baſis. By calcu- 


lating upon theſe grounds, I find that the force requi- 


ſite to ſeparate our larger marble plates, is equal to 
about one hundred weight and à; and the force * 
| ite 
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ſite to ſeparate the leſſer braſs plates amounts nearly 
to 73 pounds weight; and this upon ſuppoſition that 
they are perfectly well poliſhed and ſo fitted toge- 
ther that no air can intervene. But as they want of 
that perfection, ſo will a leſſer force be ſufficient to 
disjoin them. 


LECTURE XI, 


The phenomena of capillary tubes, glaſs planes, the f- 
gures of the ſurfaces of fluids and other things relating 
to the ſame head, conſidered. 


E are now upon a ſubject abounding with dif- 
ficulties, which has in vain been attempted by 
ſeveral modern philoſophers. Many hypotheſes they 
have invented to account for theſe odd appearances, 
which if thoroughly examined will be found to be but 
bare hypotheſes, and in many particulars inſufficient. 
It has been generally believed, that the unequal preſ- 
ſure of the air upon the liquor contained in the tube 
and that in the veſſel, is the cauſe of the aſcent in the 
tube, For if the preſſure upon the liquor in the tube 
be leſs than that upon the veſſel, the liquor ought to 
aſcend ſo far in the tube, that its own weight toge- 
ther with the weaker effort of the air incumbent up- 
on it, be equal to the free and unreſtrained gravita- 
tion of the atmoſphere upon the veſſel. 

Though they have generally agreed in this, that 
there is a leſſer preſſure of air upon the liquor in the 
tube than upon that contained in the veſſel, yet the 
cauſes they have aſſigned for that incquality are very 
different. Some have had recourſe to the magnitude 
of the particles of the air and of the aſcending fluid. 
Ochers have believed, that only an inverted cone of 
air, touching the ſurface of the liquor in the tube with 


its vertex, and having the upper orifice of the tube 
| I 2 for 
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for its baſis, could preſs upon the ſurface contiguous 
to its vertex, Dr. Hook ſuppoſes part of the preſſure 
of the air in the tube, to be taken off by its friction, 
which he ſuppoſes muſt neceſſarily happen againſt 
the fides in fo narrow a paſſage. Other conceits there 
are which J have omitted, being more concerned to 
find out, if I can, what is the truth, then to enumerate 
the groundleſs fancies of thoſe who ſeem to me to have 

miſſed of it. | | 
Dr. Hook's hypotheſis has indeed the faireſt ſhew 
of probability, and accordingly it has been received 
with great applauſe. It may therefore be worth while 
to give an account of it, and to examine afterwards 
whether it be ſuch as we may acquieſce in. That there 
is an inequality of preſſure he endeavours to make 
out from hence, that there is a much greater incon- 
gruity of air to glaſs and ſomeother bodies than there 
15 of water to the ſame. By congruity he means a pro- 
perty of the fluid body, whereby any part of it is rea- 
dily united with any other part, either of itsfelf or of 
any ſimilar fluid or ſolid body; and by incongruity, 
a property by which bodies are hindered from uniting 
with any diſſimilar body. Thus, not to mention ſe- 
veral chymical ſpirits and oyls, which will very hard- 
ly, if at all, be brought to mix with one another, if 
we obſerve the drops of rain falling through the air, 
and the bubbles of air which are by any means con- 
veyed under water, or a drop of ſallad-oyl ſwim- 
ming upon the water, we cannot be to feek for in- 
ſtances of the incongruity of fluids amongft one ano- 
ther. And as for the congruity or incongruity of li- 
quids with ſeveral kinds of firm bodies, they have long 
ſince been taken notice of and called by the names of 
dryneſs and moiſture ; though theſe two names are 
not comprehenſive enough, being commonly uſed to 
ſignify only the adhering or not adhering of water to 
ſolid bodies, Thus we may obſerve that water will 
more 


» 
I 


, —rapillarytubes, &c. 117 


more readily wet ſome woods than others, that wa- 
ter let fall upon a feather, the whiter ſide of a cole- 
wortand ſome other leaves, oralmoſt upon any duſty, 
unctuous or reſinous ſurface, will not adhere but ea- 
ſily tumble off from them, like a ſolid bowl; whereas 

if dropt upon linnen, paper, clay, green wood, &c. 
it will not go off without leaving ſome part of itſelf 
behind. So quickſilver, which will very hardly be 
brought to ſtick to any vegetable, will readily ad- 
_ to and mingle with ſeveral clean metalline bo- 

ies. 

The cauſe which he propoſes of this congruity and 
incongruity of bodies is, that all fluids are in a ſort 
of vibrative motion, which he ſays is a ſort of pulſe or 
ſhakeof heat, by which the parts of bodies being made 
looſe from one another, can eaſily move any way and 
are thereupon fluid. If in a large diſh ſeveral kinds 
of ſands be mixed together, we ſhall find that by any 
vehement agitation, the fine ſand will eject and throw 
out of itsſelf all the bigger bulks of ſmall ſtones and 
the like, which will be gathered together into one 
place; and if there be other bodies in it of other na- 
tures, they alſo will be ſeparated intoa place by them- 
ſelves. In like manner he ſuppoſes the pulſe of heat 
to agitate the ſmall particles of matter, and thoſe 
which are of the ſame bigneſs, figure and texture will 
hold or dance together, and thoſe which are of a dif- 
ferent kind will be thruſt out from between them by 
ſeveral variations of harmony and diſcord. And what 
has been ſaid as to fluids he ſuppoſes may be attri- 
buted, to ſolid bodies, to which alſo he applies the 
like-vibrative motion. This is his explication of con- 

gruity and incongruity. 
If then we allow, as we eaſily may, that water is 
more congruous to glaſs than air is, it will follow 
that water may more eaſily be forced through the nar- 


ro paſſage of a ſlender pipe than air. He — 
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the thing by the reſemblance of a round ſpring, ſuch 
as an hoop: for as in a round ſpring there is required 
an additional preſſure againſt the two oppoſite ſides 
to reduce it into an oval form, or to force it in be- 
tween the ſides of an hole whoſe diameter is leſs than 
that of the ſpring, ſo to alter the ſpherical conſtitu- 
tion of the air included in the tube, ariſing from its 
incongruity to glaſs, there is required more preſſure 
againſt the oppoſite ſides to reduce it to an oval; and 
to pr. ſs it into a hole leſs in diameter than itsſelf, it 
requires a greater protruſion againſt all the other 
ſides, which he found alſo to be true by experiments. 
Therefore he concluded, that part of the preſſure of 
the atmoſphere being taken off and ſpent in pro- 
truding the air within the cavity of the ſlender tube, 
it has leſs force to reſiſt the aſcent of the water, 
which is impelled upwards by the whole force of the 
atmoſphere, preſſing upon the ſurface of the water in 
the veſſel into which the lower end of the tube is im- 
merſed; and as a greater part of the preſſure of that 
column of the atmoſphere, which is incumbent over 
the upper orifice of the tube, is taken of in protrud- 
ing the air within the tube when it is ſlenderer, ſo is 
its reſiſtance to the aſcending liquor ſtill leſs, and con- 

ſequently the aſcent is greater. | 
This is Dr. Hook*s account of the matter, which a- 
ny one may more fully acquaint himſelf with, by read- 
ing the ſixth obſervation of his admirable Microgra- 
phy. It appears at firſt view to be very ſatisfactory, 
and accordingly it has not wanted its patrons ; ne- 
vertheleſs I muſt here confeſs that I cannot by any 
means perſuade myſelf to be of the ſame opinion. A- 
mongſt many others, this is one great reaſon of my 
back wardneſs to embrace Dr, Hooł's hypotheſis, that 
I have found by making the experiment, and ſeve-- 
ral others have took notice of the ſame thing before 
me, that even under a receiver exhauſted of air 11 
* 4 
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the air-· pump, there is as far as we can perceive a like 
and equal aſcent of liquors in capillary tubes. Now 
if the difference of the preſſure of the air upon the li- 
quor contained within the tube and upon that within 
the veſſel, into which the tube is immerſed, be the 
true cauſe of the aſcent, we muſt needs be at a loſs 
in explaining how the ſame aſcent can poſſibly hap- 
pen in vacuo, when there 1s no air to preſs either up- 
on the liquor in the veſſel or that in the tube. 

It may perhaps be anſwered, that we can never by 
pumping perfectly evacuate the receiver of air, ſo 
that after all our endeavours there will ſtill a ſuffici- 
ent quantity remain behind to produce the effect : let 
it then be conſidered whether that very ſmall quan- 
tity which remains behind, can poſſibly be ſaid to be 
ſufficient. It is reaſonable to conclude, that as the 
quantity of air under the receiver is diminiſhed, ſo 
are the preſſures of the air upon the liquor in the 
veſſel and upon that within the tube proportionab] 
diminiſhed, and conſequently the difference of thoſe 

reſſures alſo. If then that difference be the cauſe, as 
is pretended, of the aſcent of the liquor in the tube, 
as that difference is diminiſhed by pumping, ſo ought 
the aſcent in like manner to be diminiſhed, which 
does not happen; therefore that difference is not the 
cauſe of the aſcent. If it be ſaid, contrary to all rea- 
ſon, that the difference of thoſe two preſſures is not 
diminiſhed as the receiver is evacuated, I might ea- 
fily prove, were it neceſſary, that even the whole 
preſſure of the air in the receiver upon the liquor in 
the veſſel, isnot able to bear up the liquor in the tube 
to the height it will aſcend to, if the bore be narrow, 
when the pump is ſufficiently worked: much leſs 
then can the exceſs of that whole preſſure upon the 
liquor in the veſſel above the preſſure upon the liquor 
within the tube, be ſaid to do ſo, unleſs the part can 
be proved to be greater than the whole. We have 


therefore good grounds from the abovementioned e- 
a | I 4 vent 
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vent of the experiment made in the evacuated re- 
ceiver, of which you will hereafter be eye · witneſſes, 
to diſtruſt that cauſe ariſing from the inequality of 
the air's preſſure. | 

It will follow therefore, that there is no ſuch ine- 
quality of preſſure as is pretended ; for if there were, 
then would the aſcent in the open free air be greater 
than in vacuo, the incquality of preſſure co-operat- 
ing in the open air with the cauſe of the aſcent in va- 
cuo, whatever it be, | 
But it may not be amiſs in this place to ſhew a 
priori alſo, that there is not that inequality of preſ- 
ſure, notwithſtanding that there be required a conſi- 
derable force to protrude the air contained in the 
tube. The preſſure of the incumbent part of the at- 
moſphere endeavours to force the included air down- 
wards, and the preſſure of the elevated liquor does at 
the ſame time endeavour to force it upwards; now 
theſe two forces are in equilibrio, otherwiſe the includ- 
ed air would be more protruded downwards or more 
upwards, till that equilibrium were gained. We muſt 
therefore neceſſarily conclude that the preſſure of the 
elevated liquor upwards, is equivalent to the whole 
weight of the incumbent part of the atmoſphere. 
Therefore it is preſſed downwards, by the air which 
is contiguous to it, with a force equivalent to the 
weight of the incumbent part of the atmoſphere; for 
were it kept down by a leſs force than that with 
which it endeavours to aſcend, it would aſcend fur- 
ther, Every equal part of the ſurface of the liquor in 
the veſſel below, is alſo preſſed downwards by the 
ſame whole weight of the incumbent part of the at- 
moſphere. The liquor contained in the tube is there- 
fore expoſed to an equal preſſure with that which is 
contained in the veſſel; that fancied inequality can- 
not therefore take place, I have proved both a paſte- 
riori and alſo a priori, that the inequality of the air's 
preſſure is not the cauſe of the aſcent of liquors in 


capillary tubes, ; 
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I may add further that the difficulty of protruding 
the air through the narrow paſſage of the tube, is ſo 
far from being the cauſe of the liquor's aſcent, that 
it would rather hinder that effect than promote it. 
Dr. Hook indeed from thence might with ſome pro- 
bability have given an account why an elevated li- 
quor ſhould not be depreſſed, but the ſpontaneous 
aſcent of liquors does manifeſtly contradict his opi- 
nion, ſince the difficulty the air has to paſs upwards 
along the tube, when urged by the aſcending liquor, 
ought more to reſiſt its aſcent than the free and un- 
reſtrained preſſure of the atmoſphere in a tube much 
. 

Whether his hypotheſis concerning the congruity 
and incongruity of bodies, be ſuch as we may ſecure- 
ly admit of, I will not ſtay hereto examine. I con- 
feſs I ſee not any neceſſity of ſuppoſing the particles 
of fluids or firm bodies to be perpetually either ina 
vibrative or any other motion. It may ſo happen, 
that by accidental motions of the air orother conti- 
guous bodies, the parts of fluids may ſeldom be at 
' reſt ; but that a perpetual inteſtine motion is eſſential 
to fluids, is what has not yet, that I know of, been 
demonſtrated, though ſome have attempted it. 

I have hitherto been only proving what is not the 
cauſe of the effects we have been conſidering. Let us 
now try whether we can find out what 1s the true 
cauſe. It is a common obſervation, that a drop of wa- 
ter of a certain determinate magnitude, will firmly 
adhere to the ſurface of glaſs and of other bodies, 
and even hang pendulous to it, though the ſurface 
be placed downwards, notwithſtanding the weight of 
the drop which endeavours to disjoin it. Since then 
that endeavour is rendered ſome way or other ineffe- 
ctual, we need not ſcruple to aſcribe a mutual attra- 
ction to the glaſs and water: it is evident that con- 


gruity alone, in Dr. Hook's ſenſe, is not ſufficient to 
| hinder 
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hinder the drop from falling by the force of its own 
weight; there is ſomething more required than a bare 
congrulty to overcome that force. 

What I call attraction, any one if he thinks fit 
may give another name to; I mean no more by attra- 
ction than ſome power in nature, from what cauſes ſo- 
ever 1t proceeds, by which bodies do endeavour to be 
united to one another. This adheſion of the drop to 
the ſurface of the glaſs and other bodies, has com- 
monly been aſcribed to the preſſure of the air. We 
have ſeen that this preſſure is able to keep well po- 
liſned plates united, notwithſtanding a conſiderable 
force was uſed to ſeparate them; but then the air 
mult be excluded from between the ſurfaces. Now a 
drop or globule of water will be attracted to a plate 
of glaſs, which touches its upper part, notwithſtand- 
ing the intervention of the air immediately before the 
attraction ; which ſhews that the caſe is different from 
that of poliſhed plates. We may alſo ſatisfy ourſelves 
that this adheſion does not proceed from the preſſure 


of the air, by the air-pump, ſince the ſame will hap- 


pen under an exhauſted receiver. 

Certain it 1s, whatever be the cauſe of it, which I 
pretend not todetermine, that there is ſuch an attra- 
ction between water and other liquors to glaſs and ſe- 
veral other bodies. And as there are attractions be- 
tween ſeveral particular bodies, ſo we may obſerve 
others mutually to repel each other. Thus do the par- 
ticles of air ſeem to fly aſunder with forces recipro- 
cally proportionable to their diſtances, and thereby 
compoſe an elaſtical fluid, whoſe denſity 1s as the 
force which compreſſes it. After the ſame manner it 


is very probable that air endeavours to recede from 


ſeveral denſe bodies. Thus alſo do ſeveral other, as 
well ſolid as fluid bodies, ſeem to repel each other, and 
this is what Dr. Hook took notice of in many bodies 
which he therefore calls incongruous. Inſtances e- 

nough 
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nough of this kind may be ſeen in the laſt query at 
the end of the laſt edition of Sir Jaac Newton's Op- 
ticks, which I forbear to tranſcribe. Whoever will 
read thoſe few pages of thatexcellent book, may find 
there in my opinion, more ſolid foundations for the 
advancement of natural philoſophy, than in all the 
oxy that have hitherco been publiſhed upon that 
ſubject, | 

But, to proceed with our drop of water, we may 
obſerve that the force of the attraction I have been 
ſpeaking of, is of a certain determinate quantity. If 
the drop be too big, it will fall off, the force of its 
own weight being greater to ſeparate it, than the force 
of attraction to hinder that ſeparation. As the part 
of the ſurface of the glaſs, ro which the drop is conti- 
guous, is larger, ſo will it bear upa greater drop; a 
r ſurface having proportionably a greater attra- 

ion. 

It is aly to apply what has been ſaid concerning a 
plane ſurface, to the inner concave ſurface of a nar- 
row cylindrical tube. It cannot but be evident, that 
this ought, as well as the other, to attract and hold 
up a certain weight of water within the tube. The 
attracting ſurface does in this caſe every way ſurround 
the drop, and by that means has a much greater ad- 
vantage to bear it up, than if it were a plane, and 
could thereby touch it only in one of its ſides. Now 
as the diameter of the tube becomes leſſer, ſo 1s this 
advantage ſtill increaſed ; for it is well known that 
the ſurfaces of cylinders bear a greater proportion to 
their capacities, as their diameters are more and more 
diminiſhed, the ſurfaces decreaſing only in the ſame 
proportion with the diameters, and their capacities 
decreaſing in a proportion which is duplicate of that 
of the diameters. — it comes to paſs that the wa- 
ter can be held up at a greater altitude as the tube is 
narrower, which is the thing we were chiefly con- 
cerned to account for. It 
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It is plain from theſe principles, that the event 
ought to be the ſame in vacuo and in the open air; 
that the ſame quantity of liquor ought to be ſuſpend- 
ed in the tube when taken out of the veſſel, as was be- 
fore elevated above the ſurface of the liquor contain- 
ed in the veſſel; that, if when the tube is taken out of 
the veſſel, a piece of glaſs be applied to its under o- 
rifice, fo as to touch the ſuſpended liquor, by attra- 
Etion ĩt will cauſe it to deſcend out of the tube. The 
experiments of capillary ſyphons are explicable up- 
on the ſame grounds. The liquor aſcends to the top 
of the flexure by the attraction I have been ſpeak- 
ing of, and then by its own weight it deſcends along 
the other leg. It would be tedious to inſtance in more 
particulars z the application of what has been ſaid to 
other caſes, is ſo eaſy that no body can miſs of it. 
The reaſon of the different figures of the ſurfaces 
of fluids, is very obvious and depends upon the ſame 
principles. Water forms itsſelf into a concave, the 
ſuperficial parts of it, which are near the ſides of the 
tube, being attracted upwards to the glaſs. Quick fil- 
ver forms itsſelf into a convex, being repelled from 
the glaſs (a), which repulſion is alſo the cauſe why it 
does not, as water, aſcend above the level in capil- 
lary glaſs-tubes, but on the contrary remains below 
it. If two liquors be placed in the ſame tube conti- 
guous to each other, and both be equally attracted 
to the ſides of the tube, their common ſurface will 
be a plane. If one be ſomewhat more attracted than 
the other, that which is moſt attracted will have a 
concave ſurface, and the other which is leſs attracted, 


(a) This repulſion is not real but only apparent and relative. 
For Dr. Furin has plainly ſhewn, that glaſs attracts the particles 
of quickſilver, but not ſo ſtrongly as they attract one another; and 
upon this principle has clearly explained the phænomena of quick. 
ſilver = capillary tubes and between glafs planes, Phil. Tran, 
No. 363. * | 


mult 
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muſt of conſequence have a convex, the ſurfaces of 
the two liquors being contiguous; and thus a liquor 
whoſe ſurface is concave when expoſed to the air, 
may have that ſurface changed into a convex, by the 


contact of another liquor which is more powerfully 
attracted to the ſides of the containing veſſel than its- 
if 


It is not difficult to underſtand that the experi- 
ments we made concerning the motions of floating 
bodies are deducible from the like cauſes. If any one 
would be more particularly informed about this mat- 
ter, he may conſult Mr, Marrioite's Traite du move- 
ments des eaux, or the fourth volume of Du Hamel's 
Burgundian philoſophy. | 

From what has been ſaid concerning the aſcent of 
liquors in capillary tubes, we may eaſily underſtand 


how filtrations of all ſorts are performed, If a tube 


be filled with ſand or ſifted aſhes well preſſed roge- 
ther, and one end of it be placed in a veſſel of water, 
the water will be attracted by the ſand or aſhes, and 
riſe to a great height above the level of that with- 
in the veſſel. Thus if any part of a piece of cap- pa- 
ml; or a ſpunge, or a piece of bread or ſugar, or of 

innen, or of ſeveral other ſubſtances, be wetted, the 
moiſture will be propagated to the other parts by the 
power of attraction. 

This is the cauſe of the aſcent of ſpirit of wine, 
dyl, melted tallow and other unctuous bodies, into 
the wick of a lamp or candle. It is very reaſonable 
to believe that this is alſo the cauſe of the aſcent of 
the ſap in trees, and of the various ſecretions of flu- 
ids through the glands of animals, and of ſeveral o- 
ther effects in nature, which any thinking perſon 
cannot miſs of, | 


LECTURE 


A 


126 be air hm Iu 
LECTURE XII. 
The air-pump and inſtruments for condenſing and trans- 


erring air; their fabrick, operation and gages ex- 
' plained. | . 


TTAVIx0o in the firſt week of this courſe by ſe- 
H veral deductions and concluſions from experi- 
1 ments, which we thought to be the moſt pertinent, 
1 endeavoured. to eſtabliſh the true and genuine prin- 
= ciples of hydroſtaticks, and to demonſtrate the moſt 
fundamental properties of fluid bodies in general, we 
proceeded in the ſecond week to a more particular 
conſideration of the air; a fluid contrived by the wiſe 
Author of nature for ſo many various, admirable and. 
excellent ends and purpoſes, and manifeſtly fitted to 
have ſo uniyerſfal and uſeful an influence upon the 
whole ſyſtem of bodies we are particularly concern- 
ed with, that it very much deſerves our utmoſt dili- 
gence and moſt careful examination. Ir has been al- 
ready proved, I think beyond any reaſonable contra- 
diction, that this ſubtle element is by no means pri- 
vileged or exempted from that catholick law of gra- 
vitation, to which (as far as appears from obſerva- 
tions that have hitherto been made by inquiſitive phi- 
loſophers) all matter is alike and equally ſubject, of 
what form or texture ſoever it be; and, it is upon the 
account of this its ponderouſneſs and its fluidity, that 
it ĩs qualified to exhibit all the various appearances 
of other fluid and heavy bodies, as has been made ma- 
nifeſt in ſeveral inſtances, when we compared the re- 
markable phænomena of the Torricellian tube, of 
pumps, ſyringes, ſy phons, poliſhed plates and ſome 
other effects of the like nature, with the more com- 
mon and obvious, and therefore leſs ſurpriſing, ef- 
fects of groſſer and more ſenſible fluids, ſuch as wa- 
ter and quickſilver. We 
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We have found moreover that the air is endowed 


with a very conſiderable power of elaſticity or ſprin- 
gineſs, by which it perpetually endeavours to ex- 


pand itſelf into larger dimenſions, and to remove the 


* obſtacles, whatever they be, which confine it to the 
bounds in which it happens at any time to be con- 
tained. We have ſeen alſo that it exerts this power 
the more forcibly as it is the more cloſely impriſon- 
ed and crowded together; and, as it it were deſirous 
of its liberty in the ſame meaſure in which it wants 
it, experience has ſhewed us that the force itemploys 
to regain its freedom, I mean its elaſticity, is ever. 
proportionable to its coarctation or denſity, 

From hence was deduced a method of determining 
its rarefactions in the ſeveral regions above the ſur- 


face of the earth. You may remember it was proved 


that as its altitude increaſed by equal intervals or in 
an arithmerica] progreſſion, ſo the degrees of rarity 
were augmented ina geometrical progreſſion. Theſe 
affections of the air and ſome others, which I need 


not now recall to your memory, have been already. 


made out in the preceding week. But the proofs we 
made uſe of, though they are very well fitted to ſa- 
tisfy and convince thoſe who are able to give them 
an attentive and impartial conſideration, yet are they 
of ſuch a nature as to afford ſome little ſcope for the. 


petty. cavils and exceptions of ſome philoſophers, 


whoſe former prejudices had made it ſeem their in- 
tereſt to oppoſe them; and being rather the remote 
deductions of reaſon than the immediate impreſſions 
of ſenſe, they may have, upon that ſcore, the leſs 
weight and moment to determine the aſſent of men 
who are not much accuſtomed to abſtracted ſpecula- 
tions, but are generally to be wrought upon and con- 
vinced by motives of a more ſenſible kind, and leſs 
different from the vulgar apprehenſions they frame 
to themſelves of the natural appearances of * 
| E 
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We ſhall now proceed in the remaining part of our 
courſe to another ſet of tryals, which will not be ſo lia- 
ble to the abovementioned objection. Theſe carrying 
a more ſenfible evidencealong with them, are for the 
moſt part, ſufficient of themſelves to procure our aſ- 
ſent and intire conviction without any further rein- 
forcements, or the aſſiſtance of remote inferences to 
bring them home to our underſtanding. For which 
reaſon, that I may not give you or myſelf any unne- 
ceſſary trouble, or miſpend our time to no uſctul pur- 

ſe, I ſhall endeavour to avoid all needleſs prolixity 
in my future lectures, and ſhall oftentimes alſo omit 
to read any, when either the matter has already been 
formerly treated of, or is of itſelf ſo evident as not to 
require any further illuſtration, or laſtly, which I con- 
feſs will ſometimes happen, is of ſo difficult a nature 
that I cannot pretend to ſatisfy myſelf as to the true 
cauſes of ſuch ſurpriſing appearances; and I am not 


' willing to go about to amuſe you with conjectures and 


ſeeming probabilities or plauſibly contrived hypo- 
theſes, 

It is not long ago ſince this method was very much 
in vogue, but we have ſeen it of late give way to a 


ſounder and ſurer manner of philoſophizing. It is no 


very difficult matter for ingenious men, who have ſuf- 
ficient leiſure, to frame to themſelves ſuch principles of 
nature as may ſerve to explain any particular appear- 
ance whatſoever. But then the theories which are 
thus advanced, ought to be looked upon only as phi- 
loſophical romances, and the witty fictions of inven- 


tive brains, unleſs the truth of thoſe principles and 


their real exiſtence can be demonſtrated, and put be- 
yond diſpute by proper experiments. W here this can- 
not eaſily be done, it is the ſafeſt way, if we are deſi- 
rous to be free from error and prejudice, to wait till 
ſome further light may be afforded us by future ob- 
ſervations. The mind of man indeed is naturally de- 
ſirous of ſomething to reſt upon, ſomething in which 

It 


vil. and condenſer explained, 129 


it may acquieſce a od on which it may terminate its 


view; it is a ſort of pain to it to be held long in ſu- 
ſpenſe, and therefore we are willing to take up with 
any fair ſhew of an hypotheſis, rather than continue, 
as we are apt to imagine, in a greater degree of un- 
certainty. But we ought to conſider (beſides that theſe 
haſty and ill grounded concluſions argue a certain 
weakneſs and levity in us) that by thus greedily catch- 
ing at the ſhadow we commonly loſe the ſubſtance z 
nothing being ſo great an obſtacle to the reception 
of truth, when it comes to be propoſed, as theſe dar- 
ling phantoms which uſe and cuſtom doesat length 
rſuade us to be realities. Thus from the time that 
the philoſophy of Des Cartes firſt appeared, the ex- 


iſtence of his materia ſubtilis has been looked upon as 


a thing not to be queſtioned; the celebrated feats and 
wonderful operations of it, have in a manner intoxi- 
cated the minds of men, and poſſeſſed them with a 
ſort of madneſs; inſomuch that any attempts which 
have been made againſt it, have been thought to be 
of the moſt dangerous conſequence, as tending to 
ſubvert the very foundations of all ſcience, Even Hu- 
on” himſelf, that great maſter of reaſoning, as he 

upon other occaſions ſhewed himſelf to be, was 
drawn aſide from purſuing better things, by the fond- 
neſs he had entertained for this principle; which by 
a ſort of legerdemain could ſo eaſily be applied to 


the ſolution of the moſt intricate and perplexing dif- 


ficulties of nature. One might reaſonably have ex- 
pected that this great man, who appears to have been 
of a very candid and ingenuous temper, after he had 
ſeen and conſidered the incomparable Principia of Sir 
Jaac Newton, and in particular the application of 
them, in accounting for the heavenly motions to ſuch 
a wonderful degree of exactneſs; and ſo full and clear 


a defnonſtration of the inſufficiency of the Carteſian 


vortices one might have expected, I ſay, that after 
* K this 
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and ſome other princes there preſent z among whom 
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this further information, he would not have been a- 
verſe to have altered his ſentiments. Notwithſtand- 
ing this, though he expreſſes an extraordinary plea- 
ſure and ſatisfaction upon the reading of that admi- 
rable book (which he ſays he looks upon as a ſur- 
priſing inſtance of the great ſtrength and capacity to 
which it is poſſible for the mind of man to arrive) yet 
we ſee he could not willingly change his own prin- 
ciples for others; and it was impoſſible for him to for- 
ſake an hypotheſis which he had himſelf very much 
cultivated, and was ſo long accuſtomed to. So great 


is the force of prejudice that an ill grounded opinion 


ſhall often prevail, by long preſcription, to obſtruct 
the evidence of a well demonſtrated certainty, For 


my part I think it more adviſable to profeſs our ig- 


norance where the truth is not yet diſcovered, than 
to pretend a knowledge which may for ever hinder 
us from attaining it. 

But to come more immediately to the buſineſs of this 
day, the inſtruments under our preſent conſideration, 
which we ſhall chiefly employ in the remaining part 
of our courſe, are the air- pump and condenſer. By theſe 
we are aſſiſted to make a great variety of tryals, con- 
cerning the influence and operation of the air under 
its moſt different conſtitutions, from a very great de- 


gree of denſity to an almoſt infinite rarefaction. 


The condenſer is an inſtrument whoſe invention is 
ſo very obvious, that it was impoſſible it ſhould eſcape 
the curioſity of former ages. It has been ſo very long 
in uſe that I cannot pretend to aſſign its origin. 

The air-pump was firſt, that I know of, contrived 
and brought into uſe by Otto Guericke conſul of Mag- 
deburg, ſome time before the year 1654; for then it 
ſeems this ingenious gentleman, being employed in 
a publick negotiation at Ratiſbon, had an occaſion 
offered him of ſhewing his engine to the Emperor 


the 
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the Elector and Archbiſhop of Mentz was particular- 

ly delighted with the contrivance of the inſtrument, 
and the curious experiments exhibited by it; inſo- 
much that he became very deſirous of having ſuch 
another machine made for his own uſe. But this could 
not eaſily be effected by reaſon of the ſhort ſtay they 
had to make at Ratiſbon, and for want of skilful 
workmen. However he prevailed with the inventor. 
to part with his own apparatus, and at his return car- 
ried it home with him to Wurtzburgh. Here it was 
that the learned and diligent Jeſuit father Schotus, 
being then profeſſor of the mathematicks in that 
univerſity, had firſt the ſight of it, together with 
ſome other curious and learned perſons. The arch- 
biſhop was pleaſed himſelf to give them an account 
of the engine, and a relation of the experiments he 
had ſeen the inventor perform at Ratiſbon. Theſe 
they tryed over ſeveral times in his preſence, and ir 
was not long before they themſelves alſo made ſeve- 
ral other new ones of the like nature. 

The fame of theſe firſt efſays was quickly ſpread 
abroad by the large correſpondence which Schottus 
held with learned men in moſt parts of Europe, but 
more particularly in the year 1657, when he publiſh- 
ed his Mechanica Hydraulico- Pneumatica ; to which 
as an appendix he added a diſtinct and full account of 
theſe Magdeburgick experiments as hecalled them, 
In the year 1664 he publiſhed his Technica curioſa, 
and gavea further relation of other new experiments 
which had been made ſince the printing of his for- 
mer book. After this the famous inventor himſelf 
Otto Guericke, in the year 1672, was pleaſed to give 
a moſt perfe& narrative of his own tryals, in his 
book which he calls Experimenta nova Magdeburgica 
de vacuo ſpatio. They who are curious to underſtand 
the particular fabrick of theſe firſt engines, and to 


abſerve the gradual improvements which have been 
| K 2 | made 
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made i in theſe matters abroad, may receive full ſatiſ- 
faction by conſulting the books I have been mention- 


in 

, BY it is time now that I return to our own coun- 
tryman, the excellent Mr. Boyle, whom I fear I ſhall _ 
be thought to have injured by aſcribing theſe firſt in- 
ventions to a foreigner. The air- pump indeed is ſo 
generally known by the name of the Machina Boyli- 
ana, and the void ſpace produced by it is ſo common- 
ly called the vacuum Boylianum, that many are there- 
by perſuaded to believe, they owe their original con- 
trivance to this Engliſh philoſopher. For my part 
I ſhould rather chuſe to give another reaſon for theſe 
appellations, by ſaying that the engine and void ſpace 
do very juſtly bear the name of Mr. Boyle, ſince who- 
ever might happen to be the inventor of them, his 
certainly was the more excellent part, to have firſt 
applied them to ſuch admirable ard uſeful purpoſes: 
it being confeſſed on all hands that the glory of the 
Engliſh experitnents, has in a manner torally obſcur- 
ed that of the Magdeburgick. 

As to the contrivance of the inſtrument, * does 
himſelf ingenuouſly confeſs that it was not his own, 
in his letter written, two years after Schottus's firſt 
book was publiſhed, to the Lord Dungarvan, his ne- 
phew, who was then at Paris; in which letter are the 
following words, which I think not amiſs to be re- 
peated to you. chat you may the better underſtand 
the occaſion and manner of his firſt attempts upon 
this ſubject. ** I ſhould immediately proceed, ſays he, 
to the mention of my experiments, but that I like 
too well the worthy faying of the naturaliſt Pliny, 
*© Benignum eft & plenum ingenui pudoris, fateri per 
* quos profecerts, not to conform to it, by acquaint- 
L ing your Lordſhip, in the firſt place, with the hint 
« had of the engine I am to entertain you with. 
* You __ be pleaſed to remember, that a N 

„fore 
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« fore our ſeparation in England, I told you of a 
« book that I had heard of, but not peruſed, pub- 
« liſhed by the induſtrious Jeſuit Schottus, wherein it 
« was ſaid, he related how that ingenious gentleman 
« Otto Guericke, conſul of Magdeburg, had late! 
« practiſed in Germany, a way of emptying glaſs veſ- 
« fels, by ſucking out the air at the mouth of the 
« veſſel plunged under water. And you may alſo 
perhaps remember, that I expreſſed myſelf much 
« delighted with this experiment, ſince thereby the 
« great force of the external air, either ruſhing in at 
c the opened orifice of the emptied veſſel, or vio- 
« [ently forcing up the water into it, was rendered 
* more obvious and conſpicuous than in any experi- 
« ment that I had formerly ſeen, And though it may 
<«« appear from ſome of thoſe writings I ſometimes 
« ſhewed your lordſhip, that I had been ſolicitous 
to try things upon the ſame grounds, yet in re- 
« gard this gentleman was beforchand with me in 
producing ſuch conſiderable effects, by means of 
« the exſuction of air, I think myſelf obliged to 
« acknowledge the aſſiſtance and encouragement, 
« which the report of his performance hath afford- 
« me. But as few inventions happen to be at firſt 
« ſo compleat, as not to be either blemiſhed with 
« ſome deficiencies needful to be remedied, or other» 
ce wiſe capable of improvement, ſo when the engine 
e have been ſpeaking of, comes to be more at- 
«« tentively conſidered, there will appear two very 
« conſiderable things to be deſired in it. For firſt, 
« the wind- pump, as ſomebody not improperly calls 
« it, is ſo contrived; that to evacuate the veſſel there 
« is required the continual labour of two ſtrong men 
« for divers hours. And next, which is an imperfe- 
* ion of much greater moment, the receiver, or 
* glaſs to be emptied, conſiſting of one entire and 
* yninterrupted globe and neck of glaſs, the whole 
K 3 engine 
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« engine is ſo made, that things cannot be conveyed 
« into 1t, whereon to try experiments: ſo that there 
« ſeems but little, if any thing, more to be expected 
« from it, than thoſe very few phænomena that have 
te been already obſerved by the author and recorded 
« by Schottus, Wherefore to remedy theſe inconve- 
cc niencies, I put both Mr. Gratorix and Mr, Hook 
t to contrive ſome air-pump that might not, like 
« the other, need to be kept under water, and might 
more eaſily be managed. And after an unſucceſs- 
6 ful tryal or two of ways propoſed by others, Mr. 
« Hook fitted me with a pump anon to be deſcrib- 
1 

This air- pump of Dr. Hook's contrivance was, it 
ſeems, the firſt that Mr. Boyle made uſe of. It was in- 
deed more perfect than that deſcribed by Schottus in 
his Mechanica Hydraulico-Pneumatica, yet ſtill it la- 
boured with ſeveral imperfections, and was not ſo 
commodious in many reſpects as might be deſired; 
particularly it was furniſhed but with one ſingle re- 
ceiver, always fixed to the body of the engine ; which 
therefore it was requiſite ſhould be very capacious to 
be fitted for all manner of tryals. Now this great 
capacity of the receiver made it neceſſary to employ 
a conſiderable time for its exhauſtion ; but this was 
an inconvenience which could not eaſily be diſpenſ- 
ed with in many experiments that required a ſpeedy 
evacuation; and moreover a variety in the form of 
the receivers to be made ufe of, would better ſuit 
with the variety of the ſubjects which were to be en- 
quired into. Hence I ſuppoſe it was, that after he had 
made his firſt experiments with this engine, and had 
publiſhed them in the form of a letter to his nephew, 
under the title of Phy/ico- Mechanical experiments touch- 
ing the ſpring of the air and its effets, he thought it re- 
quiſite to make an alteration and improvement of 
his inſtrument before he proceeded to a further pro- 
ſecution of his deſign. | he 
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The deſcription of this ſecond air-pump of Mr. 
Boyle, may be ſeen in the firſt continuation of his 
Phyſico- Mechanical Experiments. It conſiſted, as the 
former, only of one ſingle barrel, by which the re- 
ceiver was evacuated ; but this barrel was now con- 
trived to be every way ſurrounded with water, the 
better to prevent any poſſible regreſs of the air. The 
receivers, which were now of ſeveral ſhapes and big- 
neſſes, were cloſed to an iron plate, upon which they 
were placed by the means of a ſoft cement, and ſo 
they could eafily be removed and changed as occaſi- 
on required, He had not, it ſeems, as yet thought of 
that eaſier expedient of fixing them to the table on 
ron they ſtood, by the interpoſition of a wet lea- 


r, 

The experiments related in the ſecond continua- 
tion of this Honourable Author, were made withan 
engine different from the two former. It was the con- 
trivance of Mr, Papin, whoſe aſſiſtance Mr. Boyle did 
alſo make uſe of in the tryals themſelves. This third 
air-pump was much more convenient than the for- 
mer, and the advantage lay chiefly in theſe two par- 
ticulars. Firſt, whereas the former engines had only 
one ſingle barrel and one ſucker or embolus, this was 
farniſhed with two barrels and two ſuckers, and theſe 
two ſuckers being alternately raiſed and depreſſed, 
cauſed the evacuation to be continual z which effect 
could not be obtained by a ſingle fucker, it being 
neceſſary that the evacuation ſhould ceaſe during 
the time in which the ſucker is forced in towards 

the bottom of the barrel. But beſides this advanta 

of performing the operation in half the time it cou 
be done with a ſingle ſucker, the labour alſo in do- 
ing it was exceedingly leſſened. The chief difficulty 
complained of in fingle-barrelled pumps, is the very. 
great reſiſtance which the external air makes againſt 
the ſucker as it is drawn outwards ; and this reſiſt- 
K 4 ance 


1 
ö 
; 
| 
| 
| 


136 De air. pump Lett, 


ance increaſes as the receiver is more and more ex- 
hauſted, the counterballance of the internal againſt 
the external air being thereby more and more dimj- 
niſhed ; ſo that if the barrel be of a conſiderable wide- 
neſs, it may be impoſſible for the ſtrength of any one 
man to work the engine any longer. Now this reſiſt. 
ance of the external air is entirely taken off by mak- 
ing uſe of two ſuckers inſtead of one. They are ſo 
connected together by the fabrick of the inſtrument, 
that as the one deſcends, ſo the other muſt of neceſſi- 
ty aſcend at the ſame time; and conſequently the re- 
ſiſtance of the external air, hindering the aſcent of 
the one as much as it promotes the deſcent of the o- 
ther, by contrary effects loſes its force upon both, I 
cannot illuſtrate this better than by co 8 it with 
a ballance. If a ſingle weight be placed at one of its 
extremities; we perceive a difficulty in moving the 
beam to make the weight aſcend, and this difficulty 
increaſes as the weight is greater. But if you place 


- another weight equal to the former at the oppoſite 


extremity, the difficulty in moving the beam will 
entirely ceaſe, how great ſoever the two equal weights 
may be ſuppoſed to be. 

The other particular in which this air-pump ex- 
celled the former, was the png of its valves. In 
the two firſt engines, whilſt the ſucker was drawn 
outwards, you was obliged at the ſame time to turn 


a ſtop-cock, to make way for the air in the receiver 


to paſs from thence into the barrel; and when this 
air was to be excluded from the barrel, as the ſucker 
was moved inwards, you was obliged again to turn 
the ſtop-· cock, to prevent the air from reverting in- 
to the receiver, and at the ſame time to give it a paſ- 
ſage outwards, a ſtopple or plug was to be remov- 
ed, which cloſed the hole through which it was to 
paſs, and then again this hole was to be ſtopped up 


n the cock to be armed again as more air was drawn 
rom 
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from the receiver; and this labour to be repeated per- 
Na an ſo long as you continued to work the pump. 


ow the valves which in the third air. pump ſup- 
plied the place of the plug and ſtop-cock, were un- 
doubtedly much more convenient, in that of them- 
ſelves they opened to give the air a paſſage forwards, 
and ſhut to prevent its return back again. I will not 
detain you any longer by ſpeaking of the various 
forms of the engine, and the different contrivances 
which have been uſed by others. I have not obſerv- 
ed that any of them whoſe deſcriptions J haye ever 
met with, has been ſo. convenient in all reſpects, as 
the air · pump before us, which was made by that ex- 
cellent operator the late Mr. Hauk/bee. . I cannot ſay 
that, in the main, it is at all different from the third 
of Mr. Boyles; what little alterations may be ob- 
ſerved in it, are I think for the better. It would be a 
loſs of time to go about to deſcribe it by words, 
when ye may better ſee the contrivance of it with 
our eyes, I will-therefore take its ſeveral parts aſun- 
der, and then endeavour to make you underſtand the 
uſe of each, and the operation of the whole, as clear- 
ly and diſtinctly as I can. | 
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An account of the ſeveras ſucceſſive degrees in which the 


air is expanded and compreſſed by the air-pump and 
condenſer. 1 22 1 f 


T our laſt meeting we took a particular view of 
ä the ſeveral parts of which our engines conſiſt. 
I ſhall therefore ſuppoſe you to be ſufficiently ac- 
quainted with the fabrick and contrivance of them, 
and to underſtand in general the manner of their o- 
perations. I ſay in general, becauſe there are ſome 
particulars which yet remain at this time to be — 

| courſed 
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courſed of; which may alſo very well deſerve your 
conſideration, and will be of good uſe in order to 
frame juſt and true apprehenſions of the experiments 
which will hereafter be made. I ſhall begin with the 
air-pump, and repreſent to you by what degrees the 
air contained in the receiver is exhauſted. 

It may perhaps, upon the firſt view, ſeem not im- 
probable that an equal evacuation is made at each 
ſtroke of the pump, and conſequently that the re- 
ceiver may after a certain number of ſtrokes be per- 
fectly exhauſted ; for it muſt be allowed, if an equal 
23 of air is taken away at every ſtroke, that 
the receiver will in time be perfectly exhauſted, how 
ſmall ſoever thoſe equal quantities, which are conti- 
nually taken away, may be ſuppoſed to be. Thus if 
the air which goes out of the receiver at each turn of 
the pump, be but the hundredth part of what was at 
firſt included in the receiver, it is certain that a total 
evacuation will be made after an hundred turns. That 
things are thus, may at firſt view I ſay, ſeem not im- 
probable, but if we conſider the matter more nearly 
we ſhall find it to be far otherwiſe. | 

What I ſhall endeavour to make out to you is this; 
that the quantities exhauſted at every ſtroke are not 
equal, but are perpetually diminiſhed, and grow leſſ- 
er always ſo long as you continue to work the pump; 
that no receiver can ever be perfectly and intire 
evacuated, how long time ſoever you employ for that 
2 notwithſtanding that the engine be abſo- 

utely free from all defects and in the greateſt per- 
fection which can be imagined. It may appear to be 
a paradox, that a certain quantity of the air in the re- 
ceiver ſhould be removed at every turn of the pump, 
and yet that the whole can never be taken away; but 
I hope I ſhall eaſily fatisfy you that it is not a miſ- 
take. Laſtly, that I may not ſeem too much to de- 


| Preciate the value of our engine, I have this further 
to 
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to fay for it, that though it be impoſſible by its 
means to procure a perfect vacuum, yet you may ap- 
proach as near to it as you pleaſe. By a perfect va- 
cuum I mean in reſpect of air only, not an abſolute 
yacuity in reſpect of every thing which is material; 
for not to mention what other ſubtle bodies may 
poſſibly be lodged in our emptied receivers, it is mat- 
ter of fact that the rays of light are not excluded 
from thence. 

In order to make out theſe aſſertions I ſhall in the 
firſt place lay down this rule. That the quantity of 
air which is drawn from the receiver at each ſtroke 
of the pump, bears the ſame proportion to the quan- 
tity of air 1n the receiver immediately before that 
ſtroke, as the capacity of the barrel into which the 
air paſſes from the receiver, does to the capacity of 
the ſame barrel and the capacity of the receiver 
taken together. * 

You may remember that in each barrel there are 
two valves, whereof the lower is placed at the bot- 
tom of the barrel, and the upper is fixed upon the 
embolus 'or ſucker. Now the hollow fpace which 
lies betwixt theſe valves, when the embolus is raiſed 
as high as it can go, is what I call the capacity of the 
barrel; for the other part of the cavity of the bar- 
rel, which is above the embolus and the upper valve, 
1s of no uſe in evacuating the receiver, and therefore 
ought not here to be conſidered. Upon a like ac- 
count, by the capacity of the receiver I mean, not 
only the ſpace immediately contamed under the re- 
ceiver, but alſo all thoſe other hollow ſpaces which 
communicate with it, as far as to the lower valves: 
ſuch you may remember are the cavity of the pipe 
which conveys the air to the barrels, and the cavity 
in the upper part of the gage above the quickſilver. 
Theſe additional ſpaces are very ſmall and inconſi- 
derable, yet if we would be exact, they alſo — 

taken 
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taken into the account and looked upon as parts of 
the receiver. r 

Now to underſtand the truth of the rule, we muſt 
obſerve that as the embolus is moved upwards from 
the bottom of the barrel, it would leave a void ſpace 
behind it, but this effect is prevented by the 9 
in of air from the receiver. The air, you know, by 
its elaſticity is always endeavouring to expand itſelf 
into larger dimenſions, and it is by this endeavour 
that it opens the lower valve, and paſſes into the hol- 
low part of the barrel as the embolus gives way to 
it, and this it will continue to do, till it comes to have 
the ſame denſity in the barrel as in the receiver. For 
ſhould its denſity in the barrel be leſs than in the re- 
ceiver, its elaſtick force, which is proportionable to 
its denſity, would be leſs alſo, and therefore it muſt 
{till give way to the air in the receiver, till at length 
the denſities become the ſame. The air then which im- 
mediately before this ſtroke of the pump, by which 


the ſucker is raiſed, was contained in the receiver 


only, is now uniformly diffuſed into the receiver and 
the barrel ; whence it appears that the quantity of 
air in the barrel, is to the quantity of air in the bar- 


rel and receiver together, as the capacity of the bar- 


rel, is to the capacity of the barrel and receiver to- 
gether. But the air in the barrel is that which is ex- 
cluded from the receiver by this ſtroke of the pump, 
and the air in the barrel and receiver together, is 
what was in the receiver, immediately before the 
ſtroke ; therefore the truth of the rule is very evi- 
dent, that the quantity of air which is drawn from 
the receiver at each ſtroke. of the pump, bears the 
ſame proportion to the quantity of air in the receiver 
immediately before that ſtroke, as the capacity of 
the barrel into which the air paſſes from the receiver, 
does to the capacity of the ſame barrel and the capa- 
city of the receiver taken together, T 

0 * 
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Io illuſtrate this further by an example, let us ſup- 
poſe the capacity of the receiver to be twice as great 
as the capacity of the barrel; then will the capaci- 
ty of the barrel, be to the capacity of the barrel and 
receiver together, as 1 to 33 and the quantity of air 
exhauſted at each turn of the pump, is to the quan- 
tity of air which was in the receiver immediately 
before that turn, in the fame proportion. So that by 
the firſt ſtroke of the pump, a third part of the air 
in the receiver is taken away, by the ſecond ſtroke 
a third part of the remaining air is taken away, by 
the third ſtroke a third part of the next remainder 
is exhauſted, by the fourth a third part of the nexr, 
and ſo on continually ; the quantity of air evacuated 
at each ſtroke, diminiſhing in the fame proportion 
with the quantity of air remaining in the receiver 
immediately before that ſtroke: for.it is very evi- 
dent that the third part, or any other determinate. 
part of any quantity muſt needs be diminiſhed in 
the ſame proportion with the whole quantity itſelf. 
And this may ſuffice for the proof of what I aſſerted 
in the firſt place, that the quantities exhauſted at e- 
very ſtroke are not equal but are perpetually dimi- 
niſhed. 

I ſhall now proceed to ſhew, that the air remain- 
ing in the receiver after every ſtroke is diminiſhed in 
a geometrical progreſſion. It has been proved that 
the air remaining in the receiver after each ſtroke of 
the pump, is to the air which was in the recetver im- 
mediately before that ſtroke, as the capacity of the 
receiver is to the capacity of the barrel and receiver 
taken together; or in other words, that the quantity 
of air in the receiver, by each ſtroke of the pump, 
is diminiſhed in the proportion of the capacity of the 
receiver to the capacity of the barrel and receiver 
taken together, Each remainder is therefore ever- 
more leſs than the preceding remainder in the ſame 
| given 
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given ratio; that is to ſay, theſe remainders are in a 
geometrical progreſſion continually decreaſing. 

Let us return again to our former example, which 
may afford a ſomewhat different light into this mat- 
ter. The quantity exhauſted at the firſt turn, you 
remember, was a third part of the air in the receiver, 
and therefore the remainder will be two thirds of the 
ſame; and for the like reaſon the remainder after the 
ſecond turn will be two thirds of the foregoing re- 
mainder, and ſo on continually; the decreaſe being 
always made in the ſame proportion of 2 to 3; con- 
ſequently the decreaſing quantities themſelves are in 
a geometrical progreſſion. 

It was before proved that the quantites exhauſted 
at every turn did decreaſe in the ſame proportion 
with theſe remainders; therefore the quantities ex- 
hauſted at every turn are alſo in a geometrical pro- 
greſſion. Let it then be remembered, that the eva- 
cuations and the remainders do both decreaſe in the 
ſame geometrical progreſſion. 

If the remainders decreaſe in a geometrical pro- 
greſſion, it is certain you may, by continuing the a- 
gitations of the pump, render them as ſmall as you 
pleaſe, that is to ſay, you may approach as near as 
you pleaſe to a perfect vacuum. But notwithſtanding 
this, you'can neverentirely take away the remainder, 
If it be ſaid that you may, I prove the contrary thus, 
Before the laſt turn of the pump, which is ſaid whol- 
ly to take away the remainder, it muſt be confeſſed 
there was a remainder; this remainder, by that laſt 
turn of the pump, will only be diminiſhed in a cer- 
tain proportion, as has been before proved; there- 
fore it was falſly ſaid to be totally taken away. 

It may not be improper in this place to ſay ſome- 
thing concerning the gradual aſcent of the quick ſil- 
ver in the gage, upon which we have made ſome ex- 


periments. You have obſerved that as we continue 
to 
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to pump, the quickſilver continues to aſcend, ap- 
proaching always more and more to the ſtandard al- 
titude in the weather-glaſs, which you know is about 
29+ inches, being a little under or over according to 
the variety of ſeaſons. What I ſhall now endeavour 
to make out to you is this; that the defect of the 
height of the quickſilver in the gage from the ſtand- 
ard altitude, is always proportionable to the quanti- 
ty ofair, which remains in the receiver ; that the alti- 
tude itſelf of the quickſilver in the gage, is propor- 
tionable to the quantity of air which has been ex- 
hauſted from the receiver; that the aſcent of the 
quickſilver upon every turn of the pump, is propor- 
tionable to the quantity evacuated by each turn. 

In order to underſtand theſe aſſertions you are to 
conſider, that the whole preſſure of the atmoſphere 
upon the ciſtern of the gage, is equivalent to, and 
may be ballanced by, a column of quickſilver of the 
ſtandard altitude. Therefore when the quickſilver in 
the gage has not yet arrived to the ſtandard altitude, 
it is certain the defect of quickſilver is ſupplied by 
ſome other equal force, and that force is the elaſtick 
power of the air yet remaining in the receiver; which 
communicating, as you remember, with the upper 
part of the gage, hinders the quickſilver from aſcend- 
ing, as it would otherwiſe do, to the ſtandard alti- 
tude. The elaſticity of the air in the receiver is then 
equivalent to the weight of the deficient quickſilver; 


but the weight of that deficient quickſilver is pro- 


portionable to the ſpace it ſhould poſſeſs, or to the 
defect of the height of the quickſilver in the gage 
from the ſtandard height; therefore the elaſticity of 
the remaining aur is alſo proportionable to the ſame 
defect. And fince it was formerly proved, that the 
denſity of any portion of air is always proporti- 
onable to its elaſticity, and the quantity in this caſe 
is proportionable to the denſity, it follows that the 


quantity 
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given ratio; that is to ſay, theſe remainders are in a 
geometrical progreſſion continually decreaſing. 

Let us return again to our former example, which 
may afford a ſomewhat different light into this mat- 
ter. The quantity exhauſted at the firſt turn, you 
remember, was a third part of the air in the receiver, 
and therefore the remainder will be two thirds of the 
ſame; and for the like reaſon the remainder after the 
ſecond turn will be two thirds of the foregoing re- 
mainder, and ſo on continually; the decreaſe being 
always made in the ſame proportion of 2 to 3 con- 
ſequently the decreaſing quantities themſelves are in 
a geometrical progreſſion. 

It was before proved that the quantites exhauſted 
at every turn did decreaſe in the ſame proportion 
with theſe remainders; therefore the quantities ex- 
hauſted at every turn are alſo in a geometrical pro- 
greſſion. Let it then be remembered, that the eva- 
cuations and the remainders do both decreaſe in the 
ſame geometrical progreſſion. 

If the remainders decreaſe in a geometrical pro- 
greſſion, it is certain you may, by continuing the a- 
gitations of the pump, render them as ſmall as you 
pleaſe, that is to ſay, you may approach as near as 
you pleaſe to a perfect vacuum. But notwithſtanding 
this, you can neverentirely take away the remainder, 
If it be ſaid that you may, I prove the contrary thus. 
Before the laſt turn of the pump, which is ſaid whol- 
ly to take away the remainder, it muſt be confeſſed 
there was a remainder; this remainder, by that laſt 
turn of the pump, will only be diminiſhed in a cer- 
tain proportion, as has been before proved; there- 
fore it was falſly ſaid to be totally taken away. 

It may not be improper in this place to ſay ſome- 
thing concerning the gradual aſcent of the quick ſil- 
ver in the gage, upon which we have made ſome ex- 


periments, You have obſerved that as we continue 
| to 
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to pump, the quickſilver continues to aſcend, ap- 
proaching always more and more to the ſtandard al- 
titude in the weather-glaſs, which you know is about 
29+ inches, being a little under or over according to 
the variety of ſeaſons. What I ſhall now endeavour 
to make out to you is this; that the defect of the 
height of the quickſilver in the gage from the ſtand- 
ard altitude, is always proportionable to the quanti- 

of air, which remains in the receiver; that the alti- 


tude ĩtſelf of the quickſilver in the gage, is propor- 


tionable to the quantity of air which has been ex- 
hauſted from the receiver; that the aſcent of the 
quickſilver upon every turn of the pump, is propor- 
tionable to the quantity evacuated by each turn. 

In order to underſtand theſe aſſertions you are to 
conſider, that the whole preſſure of the atmoſphere 


upon the ciſtern of the gage, is equivalent to, and 


may be ballanced by, a column of quickſilver of the 
ſtandard altitude. Therefore when the quickſilver in 
the gage has not yet arrived to the ſtandard altitude, 
it is certain the defect of quickſilver is ſupplied by 
ſome other equal force, and that force is the elaſtick 


power of the air yet remaining in the receiver; which 


communicating, as you remember, with the upper 
part of the gage, hinders the quickſilver from aſcend- 
ing, as it would otherwiſe do, to the ſtandard alti- 
tude. The elaſticity of the air in the receiver is then 
equivalent to the weight of the deficient quickſilver; 


but the weight of that deficient quickſilver is pro- 


portionable to the ſpace it ſhould poſſeſs, or to the 
defect of the height of the quickſilver in the gage 
from the ſtandard height; therefore the elaſticity of 
the remaining air is alſo proportionable to the ſame 
defect. And ſince it was formerly proved, that the 
denſity of any portion of air is always proporti- 
onable to its elaſticity, and the quantity in this caſe 
is proportionable to the denſity, it follows that the 


quantity 
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ntity of air remaining in the receiver, is propor- 


tionable to the defect of the quick ſilver in the gage 
from its ſtandard altitude, which was the firſt thing 
to be proved. | Fon 


Hence it follows that the quantity of air which was 


at firſt in the receiver before you began to pump, is 


proportionable to the whole ſtandard” altitude and- 
conſequently the difference of this air, which was at 


firſt in the receiver and that which remains after any 
certain number of turns, that is, the quantity of air 
exhauſted, is proportionable to the difference of the 
ſtandard altitude and the beforementioned defect, 
that is, to the altitude of the quickſilver in the gage 
after that number of turns; which was the ſecond 
thing to he proved. F 


And from hence it follows that the quantity of air 


exhauſted at every turn of the pump, is proportion- 
able to the aſcent of the quickſilver upon each turn, 
which was the laſt thing to be made out. And theſe 
concluſions do very well agree with the experiments, 
which ſhewed us the quantity of air that was exhauſt- 
ed, by the quantity of water which afterwards ſup- 
plied the vacant place of that air in our receiver (a). 
Let it then be remembered, that the quantity ex- 
hauſted at each turn, is proportionable to the aſcent 
of the quickſilver upon that turn; that the whole 
quantity exhauſted from̃ the time you began to pump, 
is proportionable to the whole altitude of the quick- 


© filvery that the quantity remaining in the receiver is 


fi 


proportionable to the defect of that altitude from the 
ſtandard. nn ö 

To come now to the application of the other ex- 
periments which we made this day. We found, by 
meaſuring, that the ſeveral aſcents of the quickſilver 
hy (4) This receiver, like the bottle deſcribed in Exr. 1. pag. 8, 
ed a ſtop-cock cemented to it, to hinder the return of the exhauſt- 

ar, and to admit Water in its ſtead. + 


in 
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in the gage, upon every turn of the pump, were di- 
miniſhed in a geometrical progreſſion, and it has juſt 
now been proved that the quantities of air exhauſted 
at each turn are proportionable to thoſe aſcents, 
Therefore we may ſafely conclude from experiment 
alſo, what we before collected by a train of reaſon- 
ing, thatthe quantities of air exhauſted at every turn 
of the pump, arediminiſhed continually ina geome- 
trical progreſſion, 

Furthermore, ſince thoſe aſcents are the differ- 
ences of the defects from the ſtandard altitude, upon 
every ſucceſſive turn of the pump, it follows that the 
defects alſo are in the ſame decreaſing geometrical 
progreſſion, For it is a general theorem, that all 
quantities whoſe differences are in a geometrical pro- 
greſſion, ſo long as the quantities continue to have a- 
ny magnitude, are themſelves alſo in the ſame geo- 
metrical progreſſion, The defects being then in a 
decreaſing geometrical progreſſion, and the quanti- 
ties of air remaining in the receiver being proporti- 
onable, as was lately proved, to the defects, it follows 
from the ſame experiments, that the quantities of air 
which remain in the receiver after every turn of the 
pump, do decreaſe in a geometrical progreſſion ; 
which was the other thing concluded alſo by a train 
of reaſoning. | | 

Before I diſmiſs the conſideration of the air-pump, 
it remains that I add ſomething concerning the ule 
of the two tables, which I have put into your hands. 
They are deſigned to ſhew the number of turns of 
the pump, which are requiſite to rarefie, in any given 
proportion, the air contained under any receiver. I he 
firſt table in particular is fitted for receivers whoſe 
capacity is the fame with the capacity of the barrel, 
and the numbers of the firſt column of it expreſs the 
degrees of rarefaction, as thoſe over againſt them in. 


the ſecond column expreſs the number of turns, with 
| their 
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their decimal parts, which are requiſite to produce 
thoſe degrees of rarefaction. Thus for example, if it 
were required to rarefie- the air, under ſuch a receiv- 
er, an hundred times above its natural rarity, I ſeek 
for the number 100 in the firſt column, and over a- 
gainſt it in the ſecond I find the number 6. 644, by 
which I underſtand that the air will be rarefied an 
hundred times by 6 turns of the pump and 644 thou- 
ſand parts ofa turn. So if it were deſired to rarefie the 
air under the ſame or an equal receiver 10 thouſand 
times more than in its natural ſtate, I perceive there 
will be 13 turns and 288 thouſand parts of a turn 
requiſite for that purpoſe. 


| TABLE I. | 
Ea 1 . {Number Number 
of turns 


of turns Yl of turns 


O 

I 
1.885 
2 
2.322 
2.385 
2. 807 
3 
3.170 
3.322 
4 
4.322 
4.907 
5 
5-322 
5.644 


—— 


Rarity 


Sr 


28 
222 


The receivers which we ſhall have occaſion to 
make uſe of in our experiments, are generally much 


bigger 
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bigger than the capacity of each barrel of the pump, 
and by being bigger, will require a greater number 
of turns than thoſe ſer down in the ſecond column; 
to rarefie the air in the degrees which are expreſſed 
in the firſt column, It may perhaps at the firſt view, 
ſeem not unreaſonable to think that the number of 
turns requiſite to rarefie the air in any certain de- 
e, ſhould exceed the numbers of the ſecond co 
2 in the ſame proportion by which the capacity 
of the receiver exceeds the capacity of the barrel. But 
if the matter be examined more cloſely, it will be 
found, that the number of turns do not increaſe in 
ſo great a proportion as the capacity of the receiver 
does. | 3 
What that proportion is, by which the number of 
turns is truly increaſed, as the capacity of the re- 


ceiver becomes bigger, may be ſeen by the ſecond 


table, whoſe firſt column expreſſes the proportion of 
the receiver to the barrel, as the ſecond does the pro- 
portion of the true number of turns to thoſe fer down 
in the firſt table. The uſe of it will be more clearly 
underſtood by an example or two; 

Let us ſuppoſe the capacity of the receiver to be 
10 times greater than the capacity of the barrel, and 
that we would find how many turns are requiſite to 
rarefie the air under ſuch a receiver 100 times more 


than it is naturally rarefied. 


By the firſt table we find, as was ſaid above, that 
if the receiver were equal to the barrel, the numbet᷑ 
of turhs would be 6.644. But the receiver is 10 times 
greater, Find therefore the number 10 in the firſt 
column of the ſecond table, and over againſt it you 
will ſee the number 7.273 in the ſecond column of 
the ſame table ; by which you perceive that as the 
receiver is increaſed in a decuple proportion, the 
number of turns are increaſed not ſo much, bur only 


ſomewhat more than in a ſeptule proportion. There- 
L 2 fore 


0 
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ſore the true number of turns will be found by mul. 
tiplying the number 6.644 by the number 7.273, 
and will conſequently be 48.322. 


"TABLE II. 


Capacity [Capacity] 
of the Multipliei of the Multiplier 
receiver receiver] _ 
I I. 60 41.934 
2.7 70 48.866 
3 2.409 80 | 55.798 
4 3.106 90 62.729 
| 5 3.802 100 69.661 
6 | 4-497 | | 200 | 138.976. 
| 7 5.191 300 | 208.291 
8 | 5.885 400 | 277.605 
9 6.579 500 | 346.920 
10 7.273 600 [416.235 
20 I 4.207 700 | 485.549 
30 21.139 800 | 554.804 
40 28.071 goo | 624.179. 
50 | 35-003 1000 | 693-494 


So if it were deſired to find the number of turns 
of the pump, which muſt be made to rarefie the air 
10 thouſand times above its natural ſtate, in a receiv- 
er which is go times bigger than the capacity of the 
barrel; over againſt ooo in the firſt table I find 
13.288 and over againſt go in the ſecond table I find 
35.003, which multiplied together make 465.12; 
this therefore is the number of turns requiſite for the 
purpoſe. You need not be ſolicitous about the fra- 
Ctions which are above any certain whole number of 
turns; they do not mean, that the handle of the pump 
is to be moved juſtly ſuch a part of a turn ne} > 

cem 
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ſeem to denote, for ſtriftly ſpeaking it need not be 
moved altogether ſo much, but the difference is in- 
conſiderable, and it would be a loſs of time to infift 
more particularly about it. It was neceſſary to ſet 
down the fractions in the tables that no whole num- 
ber of turns might be loſt in the product, when you 
come to 5 them together; but when you have 
found the product, the fractions belonging to it need 
not be conſidered. 

In making theſe tables, that they might not be 
too large, you ſee I have omitted ſeveral intermedi- 
ate numbers. However they are ſufficient for the pur- 
poſe for which I deſigned them; which was to give 
you clearer notions of the operation of our engine. I 
ſhould here explain to you the grounds upon which 
they were compured, but I fear the difficulty of the 
ſubje& would not permit me to be generally under- 


ſtood, I ſhall therefore omit the doing of it, (% and 


In a receiver whoſe capacity is to that of the barrel of the 
pump, as c to 1, the air will be rareſied r times by a number of 


log. r. 
9 © Jog c-+ 1 log. c. 


For hy any one of the turns, the air will be rareſied or dilated 


in the ratio of the ſpace c to the ſpace c +1, or of 1 to ——; 


p 
and therefore will have as many ſuch equal and ſucceſſive rare- 


-  faftions, as there are equal and ſucceſſive ratio's in this ſeries 


— 7 —_ — — — ” OO — 
e+1[* c e-+z1* 


c—+1 — 1} . 
. — continued to the term 
bl * a » , bl 
c c c 8 


whoſe index is the whole number of turns. Conſequently the 
total ratio of all the rarefactions, for which we put 1 to x, i the 


4 


, that is, of the firlt term of the 


e 


„and . 
. | an by the noted proper- 


ſame as the ratio of 1 to 
C 


ſeries to the laſt. Therefore r = 


ties of logarithms, the log. r= x log.— =nxlug.c-i-1—lcg.c. 
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only obſerve to you of the firſt table, that if you | take 
any numbers in the firſt column which are in a 
metrical progreſſion, the correſpondent numbers of 
the ſecond column will be in arithmetical progreſ- 
ſion, It may allo be obſerved of the ſecond table that 
the diſproportion of the correſpondent numbers does 
continually increaſe from the beginning to the end, 
how far ſoever it be continued, but yet does never 
exceed the diſproportion of 13 to g. 

It is time now that we proceed to the condenſer, 
This inſtrument will not require much to be ſaid con- 
cerning it. When I aſſert that equal quantities of ai air, 
namely, as much as the barrel can naturally contain, 
are intruded into the receiver at each ſtroke of the 
forcer, the thing is ſo very obvious that I believe 
need not go about to prove it. For you cannot but 
eaſily underſtand, that as the embolus or forcer is 
drawn upwards from the bottom of the barre], there 
is a vacuity left behind it, till ſuch time as it comes 
to get above the little hole, which is made in the fide 
of the barrel towards the top of it. For then the ex- 
ternal air is permitted to paſs freely through that 
hole into the aforeſaid void ſpace, and conſequently 
the barrel will then have as much air in it, as it can 


Corol. 1. Hence in Table I, where e==1, the air vil be rar 
bed » times by a number of turns equal to ic . 


Corol. 2. Call that number t, and in Tab. % where c has any 
propoſed value, put zz for the — ; makiplier he ; then ſince 


the author makes , we have m == 
* log. 2 * 


In the author's example r = 100 & c= 10, whence by Co- 
| rol. 1, = ED eie = 6-644 turns 3 and by Coro! 2, 


log. 2 0.30103 
> —=2321232 7, 273, & m4. 322 


"x 11 log. 10 0.413927 
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naturally contain. And as the forcer is moved down- 
wards, this air is compreſſed, and by compreſſion is 
more and more condenſed, till at length the force of 
its elaſticity becomes greater than the elaſtick force 
of that which 1s contained within the receiver, and 
thereby it will open the valve and make way for it- 
ſelf to enter totally into the receiver, as it is conti- 
nually puſhed forwards by the deſcending embolus. 
Since then the quantities intruded at each ſtroke of 
the forcer are equal, it manifeſtly appears that the 
quantities in the receiver, and conſequently the de- 
grees of condenſation, do increaſe in an arithmetical 
progreſſion. 

Let us now examine by what ſteps the quickſilver 
in the gage advances at each ſtroke. What I ſhall 
endeavour to prove as to this matter is this, that as 
the quickſilver is moved forwards in the gage upon 
every ſucceſſive ſtroke of the forcer, the fpaces at the 
end of the gage, which are yet left free from the 
quickſilver, do decreaſe in a muſical * e 

But in the firſt place it may not be amiſs to explain 
in ſome meaſure the nature of muſical progreſſions, 
ſince theſe are not generally ſo well underſtood as 
thoſe which we call arithmetical and geometrical 
progreſſions, In order to do this, I ſhall propoſe an 
inſtance which firſt gave occaſion for the name, 

It isa thing well known among muſicians, if three 
chords or ſtrings, in all other reſpects alike, be of 
different lengths, and thoſe lengths be to each other 
in proportion as the numbers ot 6, 4 and 3, that the 
ſounds of thoſe ſtrings will expreſs the principal and 
moſt perfect of the muſical concords, namely, an 


eight, a fifth and a fourth. Thus the ſound of the 


laſt will be an octave to the ſound of the firſt, and 
the ſound of the ſecond a fifth to the ſound of the 
firſt, and the ſound of the laſt a fourth to the ſound 


of the ſecond, Hence theſe numbers 6, 4and 3, which 


L 4 expreſs 
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expreſs the proportions of thoſe muſical ſtrings, were 
ſaid not improperly to be in a muſical progreſſion, 
Now it was eaſy to be obſerved, that theſe numbers 
were reciprocally proportional to three other num- 
bers reſpectively, viz. 2, 3 and 4, which were in a- 
rithmetical progreſſion ; and thence it came to paſs, 
that any other ſeries of numbers was ſaid to be in a 
muſical progreſſion, which had the ſame property of 
being reciprocally proportional to a ſeries of num- 
bers in arithmetical progreſſion. 

That therefore is a ſeries of muſical proportionals 
which is reciprocal to another ſeries of arithmetical 
proportionals, 

But beſides this, you may obſerve another proper- 
ty belonging to the above mentioned numbers 6, 4 
and 3, viz. that the firſt is to the third, as the differ- 
ence of the firſt and ſecond, is to the difference of the 
ſecond and third. And this property does equally be- 
long to all other numbers, which are reciprocally as 
a ſeries in arithmetical progreſſion, that is, to all o- 
ther numbers which are in a muſical progreſſion. 

Hence if any two ſucceeding terms be given, the 
third may be found by dividing the product of the 
firſt and ſecond, by the difference which ariſes in ſub- 
ſtracting the ſecond from the double of the firſt. 
Thus in the progreſſion 6, 4 and 3, the product of the 
firſt and ſecond terms 6 and 4 is 24, and the differ- 
ence which ariſes by ſubſtracting the ſecond term 4 
from 12, the double of the firſt, is 8, and the quo- 
tient which emerges by dividing the product 24 by 
the difference 8 is 3, the third term in the progreſ- 
ſion required. | 

I ſhall now go on to ſhew that the ſpaces unpoſ- 
ſeſſed by the quickſilver at the end of the gage, de- 
creaſe in a muſical progreſſion. 

It muſt be obſerved therefore, that the quickſil- 
yer of the gage is contiguous on one ſide to the 5 
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within the receiver, and on the other ſide to the air 
which is ſhut up at the end of the gage, and that the 
denſity of the air in both places is equa]. For were 
the denſity of the air in the receiver greater than the 
denſity of the air at the end of the gage, its elaſtick 
force would alſo be greater, and by that exceſs of 
force the quickſilver would be moved on further to- 
wards the end of the gage, till the forces, and con- 
ſequently the denſities, became equal. After the ſame 
manner if the denſity of the air at the end of the 
gage, were greater than the denſity of the air with- 
in the receiver, the quickſilver would be moved 
backwards from the end of the ge, till the denſi- 
ties became equal. It is manifeſt therefore that the 
denſities are equal in both parts when the quickſil- 
ver in the gage is at reſt. Therefore ſince the den- 
ſity of the air in the receiver, upon every ſucceſſive 
ſtroke of the forcer, was increaſed in arithmetical pro- 
greſſion, it follows that the denſity of the air at the 
end of the gage, is likewiſe increaſed in the ſame a- 
rithmetical progreſſion, But the ſpace which that air 
poſſeſſes, is diminiſhed in the ſame proportion by 
which the denſity is increaſed, or in other words, the 
ſpaces are reciprocally as the denſities, therefore the 
ſhoe are reciprocally as a ſeries of terms in arith- 
metical progreſſion ; which is the ſame thing as to 
ſay, the ſpaces are in a muſical progreſſion. And this 


concluſion we found alſo to agree with our experi- 
ments, 


LECTURE XIV, 


A parcel of air weighed in a ballance; its ſpecifick 
gravity to that of water determined thereby. 


* E gravitation of the air has in the foregoing 
week been ſufficiently proved by ſeveral dit- 
ferent methods, We have ſeen a great variety of ap- 

AE Pearances 


154 Air weighed in a ballance. Lea, 


pearances which are very clearly and naturally ac- 
counted for upon that principle, and cannot be ex- 
plained upon any other. We might therefore very 
juſtly conclude it to be altogether true and exactly a- 
greeable to nature, upon the force of that evidence 
alone. But the immediate evidence of ſenſe has al- 
ways ſomething in it, which does more powerfully 
affect and convince us, than the united ſtrength of 
the greateſt number of inferences drawn out by a ſe- 
ries of reaſoning. And upon this account we may 
ſay, that the experiment we have now been making, 
has afforded us a clearer and more cogent proof of 
the weight of the air, than any of thoſe conſiderati- 
ons we have hitherto been engaged in, or even than 
all of them taken together. For what can be further 
expected or deſired to evince an heavy body to be 
really ſuch, than to feel (if I may ſay ſo) the weight 
of it in the ballance. This experiment itſelf or ſome 
other to the ſame effect, might at any time ſo eaſily 
have been tried, that I believe you will be much 
more inclined to wonder, how it could have been poſ- 
fible for any ſect of philoſophers to have doubted of 
the gravitation of the air, than to doubt of it in the 
leaſt yourſelves. 

It muſt be confeſſed that Ariſtotle himſelf does 
ſomewhere in his writings aſſert this gravitation, and 
to prove his aſſertion he appeals to the experiment 
of a bladder full blown; which, ſays he, weighing 
more than the ſame bladder when it was flaccid, 1s 
a manifeſt token of the weight of the air contained 
in it. But it is certain, however unreaſonable it may 
ſeem, that his followers departed from their maſter, 
and maintained the contrary for ſeveral ages toge- 
ther. Galilzo ſeems to have been the firſt among the 
modern philoſophers, who durſt venture to oppoſe 
them in this matter. I formerly gave you an account 


of the obſervation he had made concerning pane 
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this was a ſufficient hint to a perſon of his ſagacity, 
to call into queſtion the commonly received doctrine 
of the ſchools. But the inquiſitive genius of this great 
man was not long to be held in Alpen. He ſoon 
reſolved upon proper experiments which might af- 
ford him a full and perfect ſatisfaction in this buſi- 
neſs. What thoſe experiments were, I am now to 
tell you. : | | 
He took a glaſs veſſel of a large capacity, having 
a very narrow neck, to which he applied a cover of 
leather and faſtened it as cloſe as was poſſible to the 
neck. Through the middle of this cover he put a 
ſlender tube, cloſing the leather to it as exactly as he 
could. Then with a ſyringe he forced into the glaſs 
yeſſel, through the tube, as great a quantity of air 
as he conveniently might, ſo as not to endanger the 
breaking of the glaſs. This being done he weighed 
the veſſel, with all this compreſſed air in it, ascare- 
fully as he could, by the help of a moſt exact bal- 
lance; making uſe of very fine ſand for a counter- 
poiſe. Afterwards, by uncovering the tube, he per- 
mitted the air, which had been with violence forced 
into the veſſel, to make its eſcape out again; and 
then he applied the veſſel to the ballance a ſecond 
time, and finding it to be lighter than before, he took 
away part of the ſand, till at length he had reduced 
the beam to an equilibrium again. By this means he 
was entirely convinced of the ponderofity of the air 
in general, and was ſatisfied that the weight of ſo 
much of it as had eſcaped upon opening the veſſel, 
was equal to the weight of that ſand which he had 
taken away and reſerved apart by itsſelf. This in- 
deed was very evident, but yet it was not poſſible 
from this experiment, to form any concluſion con- 
cerning the preciſe and determinate weight of any 
particular quantity of air, in compariſon with the 
weight of other bodies: for it could not _ be 
nown, 
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known, what the quantity of that air was which had 
made its eſcape,and which was equal in weight to the 
ſand he had reſerved. In order therefore to purſue 
this matter ſomewhat further, he contrived two o- 
ther different methods of making the experiment. 
The firſt was after this manner. ä 
He took another veſſel in all reſpects alike to the 
former, which had alſo a cover of leather fixed to 
it. Through this cover he cauſed to paſs into this ſe- 
cond veſſel, the end of the tube which ſtood out of 
the former veſſel and was cloſed up, and at the ſame 
time he took care to bind the cover of the ſecond 
veſſel as exactly as was poſſible to the tube. This be- 
ing done, the necks of the veſſels reſpected each o- 
ther, and had a communication by means of the tube, 
ſo ſoon as the cloſed end of it, which lay in the ſe- 
cond veſſel, was opened. Now the end of the tube 
was opened by a long and ſlender iron- pin, paſſing 
1 a ſmall hole made at the bottom or oppoſite 
end of the ſecond veſſel. But I ought to tell you, that 
before theſe veſſels were thus joined together, the 
ſecond was filled with water, and the weight of the 
firſt, with all its included and compreſſed air, was 
found by a counterpoiſe of ſand as before. Things 
then being thus diſpoſed and prepared, and the end 
of the tube being opened by means of the iron- pin, 
it is eaſy to underſtand that the compreſſed air will 
ruſh forth with violence into the ſecond veſſel, till 
that which remains behind in the firſt veſſel be re- 
duced to its natural denſity, Now as the air forces its 
way into the veſſel filled with water, it muſt neceſ- 
ſarily happen, that part of this water will be expel- 
led, through the hole at the bottom of the veſſel, to 
make way for the air; and the bulk of the water 
which is expelled, will be equal to the bulk of the air 
which came forth from the firſt veſſel into the ſecond. 
The weight of that air, which came out from the - 11 
| veſſel, 
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veſſel, is to be found by weighing the firſt veſſel again 
after that air is gone out of it; and this weight of air, 
compared with the weight of that equal bulk of wa- 
ter which was expelled and reſerved, will give the 
proportion of the ſpecifick gravity of air to the ſpe- 
cifick gravity of water. By this method Galilæo tells 
us, he found that air, was about 400 times lighter 
than water. | 

The other method which he propoſes, is ſome- 
what more expeditious, it requiring only one veſſel, 
which muſt be fitted up as the former of thoſe two, 
which have been juſt now deſcribed. But here inſtead 
of forcing in more air than the veſſel] does naturally 
contain, he chuſes rather to force in water, whereby 
the air contained in the veſſel is compreſſed and con- 
denſed, care being taken that no part of it eſcape 
out, as the water is forced in. Suppoſing then a ſuf- 
ficient quantity of water to be forced into the veſſel, 
which may conveniently enough be as much as will 
fill 3 "of it, the whole muſt be weighed with great 
exactaeſs, Then the neck of the veſſel is to be placed 
upwards, and the tube being opened, the air will be 
at liberty to expand itſelf, and ſuch a part of it will 
go out, whoſe bulk is equal to the bulk of water 
which was forced in. This being done, the veſſel 
muſt be weighed again, and chis laſt weight will be 
ſo much leſs than the former, as the weight of the 
air Which went out amounts to; and confequently 
the ſpecifick gravity of air will be to the ſpecifick 
gravity of water, as that defect is to the weight of 
the water which was forced into the veſſel. 

Such were the contrivances of this admirable Ita- 
lian philoſopher at a time when the reſt of the world 
had altogether different notions of theſe matters, and 
long before our air- pumps or barometers were in- 
vented. It is a ſatisfaction to underſtand by what me- 
thods theſe enquiries firſt began. But beſides this, you 
have alſo another advantage trom the account I _— 
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been giving you; my meaning is, that you will from 
hence be enabled to frame to yourſelves apprehen- 
ſions of various other ways of doing the ſame thing, 
different from thoſe I have been relating, or that 
which we have been practiſing. It would be endleſs 
to deſcribe the ſeveral methods which have been 
propoſed by curious and inquiſitive men, or to tell 
you what methods I could myſelf contrive to the ſame 
purpoſe, The firſt experiment of this nature which 
was generally taken notice of, and became in its time 
very famous, was that of Merſennus. Omitting there- 
fore all others, I ſhall content myſelf with the ac- 
count of his manner of trial. 

He procured to himſelf an Eolopile, being an hol- 
low globe of braſs with a very ſlender neck. This 
he placed in the fire till it became red-hot, and im- 
mediately weighed it by a ballance whilſt it remain- 
ed ſo. Afterwards he let it cool and then weighed it 
again ; and finding its weight to be greater than be- 
fore, he concluded that the exceſs was the weight of 
that air which had been expelled by the heat, and had 
been permitted to return again upon the cooling of 
the globe. Thus he was ſatisfied that the air was a 
ponderous body, but in what meaſure it was ſo, he 
could not by this experiment alone determine. He 
therefore repeated the trial again, and found the 
weight of the globe when it was red-hot to be the 
ſame as before. Then he placed the neck of it under 
water and ſuffered it to cool in that poſture. Which 
being done he found his globe to be almoſt filled 
with water, and knowing the bulk of that water to 
be the ſame with the bulk of the air which was ex- 
pelled with the heat, by weighing that water and 
comparing its weight with the weight of theair found 


by the former air to be about concluded the ſpeci- 
be 
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You cannot but take notice of a very great diffe- 
rence between this concluſion and that of Galilæo, 
which I mentioned above. Galilzo makes the air to 
be 400 times lighter than water, and Merſennus makes 
it to be 1300 times lighter, If we take a mean be- 
tween chels concluſions we muſt ſay it is 850 times 
lighter; and this agrees very well with later and 
more exact obſervations. You have already ſeen what 
the proportion was which we deduced from our ex- 
eriment. But I ought to tell you that if our bottle 

d been bigger, we might the more ſecurely have 
depended upon it. 

We have formerly in ſome of our firſt courſes, 
made uſe of a bottle about 8 times as capacious as 
that with which we made our preſent trial, and I can 
aſſure you we always found the proportion of water 
to air to be between the proportions of 800and goo 
to 1, but it generally approached ſomewhat nearer 
to 900. That larger bottle was procured for us by 
the late Mr. Haukſbee, who himſelf made the expe- 
riment before the Royal Society with the ſame, at 
a time when I happened to be there preſent. I can 
therefore witneſs for the diligence and care with 
which he made it. The proportion which was found 
by his experiment was that of 885 to 1. The me- 
thod by which he proceeded was the very ſame with 
ours, and therefore I may ſuppoſe you to underſtand 
it perfectly. But becauſe the recital of it may ſerve 
to fix it the better in your memories, I ſhall here ſub- 
join his own account of the whole proceſs, 

& I took, ſays he, a bottle which held more than 
3 gallons, but how much more, we have no occa- 
« ſjon at preſent to take notice of, and of a form 
“ ſomething oval; which figure I made choice of 
for the advantage of its more eaſy libration in wa- 
* ter. Into this bottle I put as much lead as would 


&« ſerye to ſink it below the ſarface of the water. _ 
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« the reaſon why I choſe rather to have the weight 
« of lead encloſed within the bottle, than fixed any 
4 where on the outſide, was, to prevent the incon- 
6 yeniencies which in the latter caſe muſt needs have 
«« aroſe from bubbles of air: for theſe bubbles would 
« have inevitably adhered to, and lurked in great 
«« plenty about the body of the weight, had it been 
« placed on the outſide, which muſt have cauſed 
& ſome errors in the computations of an experiment 
c that required ſo much exactneſs and nicety. Theſe 
« things thus provided, the bottle containing com- 
«© mon air cloſed up, was by a wire ſuſpended in 
e the water, at one end ofa very good ballance, and 
« was counterpoiſed in the water by a weight of 


38 grains in the oppoſite fcale. Then being 


« taken out of the water and ſcrewed to the pump, 
e jn 5 minutes time it was pretty well exhauſted, the 
«© mercury in the gage ſtanding at near 29 inches. 
« After which, having turned a cock that ſcrewed 
«« both to the bottle and the pump, and ſo prevent- 
« ed the air's return into it again, it was taken off 
from the pump, and ſuſpended as before, at one 
* end of the ballance in the water. And now the 
« weight of it was but 1755 grains; which therefore 
s ſubſtrafted from 3584 grains (the weight of the 
<« bottle with the encloſed air, before it had been 
applied to the air -· pump) gave for the difference 
183 grains; which difference muſt conſequently 
ce be the weight of the quantity of air, drawn from 
«« the bottle by the pump. Having thus determined 
te the weight of the exhauſted air, the cock was open- 
ed under water, upon which the water was at firſt 
&« jimpelled with a conſiderable violence into the bot- 
<« tle(though this force abated gradually afterwards) 
and continued to ruſh in, till ſuch a quantity was 
entered, as was equal to the bulk of the air with- 
„drawn. And then the bottle, being examined by 
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&« the ballance again, was found to weigh 162 132 
« grains ; from which ſubſtracting 175 grains (the 
« weight of the bottle with the ſmall remainder of 
&« included air, after it was taken from the air-pump) 
« there remaitris 161956... grains, for the weight of 
&« a maſs of water equal in bulk to the quantity of air 
« exhauſted. So that the proportion of the weights 
& of two equal bulks of air and water, is as 183 to 
« 161956z, or as 1 to 88g. | 
«© There are two things particularly obſervable 
te jn this experiment. Firſt, that in making it after 
« this manner, one need not be very ſolicitous a- 
&* bout a nice and accurate exhauſtion of the receiv- 
« er: the ſucceſs of the experiment does not at all 
« depend upon it; for to what degree ſoever the ex- 
* hauſtion be made, it muſt ſtill anſwer in propor- 
« tion to the quantity taken out. Neither can any 
«© more water poſſibly enter into the receiver, than 
« what will juſt ſupply the place, and fill up the 
« room, deſerted by the exhauſted air. Secondly, 
te the ſeaſon of the year is to be conſidered in making 
« this experiment, I made ir in the warm month of 
« May, the mercury in the barometer ſtanding at 
ce the ſame time at 29-7, inches. From whence it is 
„ reaſonable to conclude, that a ſenſible difference 
« would ariſe, were it to be tried in the months of 
« December or January, when the ſtate and conſti- 
<« tution of the air is uſually different from what ic 
eis in the forementioned month“. 
Thus far Mr: Haukſbee; and here I might con- 
clude what ſeems to me ſufficient to have been ſaid 
upon this occaſion. But before I do ſo, it may not be 
amiſs in this place to make our enquiries once more 
concerning the ſtate of the atmoſphere and the dif- 
ferent degrees by which the air is rarefied at different 
altitudes above the ſurface of the earth. You remem- 
ber it was proved in the foregoing week, that the 
| 7 - denſity 
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denſity of the air was diminiſhed in a geometrical 
1 as the altitude of it was increaſed in an 
arithmetical progreſſion. The truth of that rule de- 
pends upon this ſuppoſition, that the gravity of bo- 
dies is the ſame at all diſtances from the center of the 
earth. But it has been proved and put beyond diſ- 
pute by Sir Jaac Newton, in his Principia, that the 
gravity of bodies is not exactly the ſame at all di- 
ſtances from the center, but is diminiſhed as the di- 
ſtance increaſes; ſo that the quantity of it is always 
reciprocally proportionable to the ſquare of the di- 
ſtance. From hence it eaſily appears, that when the 
altitude of the air above the ſurtace of the earth, is 
very great and very conſiderable in reſpect of the 
earth's ſemidiameter, the rule which I formerly gave 
you will be far from being true; but if the altitude 
be ſmall and inconſiderable, as the altitudes of our 
higheſt mountains muſt be confeſſed to be, it will ſtill 
be ſufficiently exact, and as ſuch it is propoſed by 
Dr. Halley in the Philoſophical Tranſactions, and by 
Dr. Gregory in his Aſtronomy, and generally receiv- 
ed by others without any exceptions. However, it 
may be worth our while to ſee what conſequences will 
ariſe upon the truer hypotheſis, which ſuppoſes, as 
I ſaid above, the gravity of bodies to be diminiſhed 
in the ſame proportion by which the ſquare of their 
"diſtance from the center of the earth is increaſed. In 
treating of this matter, I fear I ſhall not be gene- 
rally underſtood, yet I hope I ſhall make the thing 
as eaſy as the nature of it will permit. 

In Fis, 40, let C repreſent the center of the earth, 


CA its ſemidiameter, A a part of its ſurface, and let 
the line CAD be produced up to the extremity of 
the atmoſphere. In this line imagine the points D, 
E, F to be placed infinitely near to each other, and 
take as many other points d, e, f in ſuch a manner, 
that the diſtances dC, C, C ſhall be reciprocally 
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proportionable to the diſtances DC, EC, FC reſpe- 
ctively, or in ſuch manner, that the diſtances 40, 
eC, fC ſhall be leſs than the ſemidiameter AC, in 
the ſame proportion by which the reſpective diſtances 
DC, EC, FC are greater than the ſame ſemidiame- 
ter; the diſtances of the leſſer letters from the center 
being diminiſhed in the ſame proportion by which 
the diſtances of the correſponding greater letters 
from the center are increaſed. | 

Upon the points A, d, e, F erect the perpendicu- 
lars AB, dp, eq, fr, and ſuppoſe the length of theſe 
perpendiculars to be proportionable to the denſity 
of the air in A, D, E, F reſpectively, ſo that the 
denſity of the air at A ſhall be repreſented by the per- 
pendicular AB, the denſity of the air at D by the 
perpendicular dp, the denſity at E by the perpendi- 
cular eq, and the denſity at F by r. 
This being done, I am now to prove, that if the 
diſtances CF, CE, CD be taken in a muſical pro- 
greſſion, and conſequently the diſtances Cf, ce, cd, 
be in an arithmetical progreſſion, as being recipro- 
cally proportionable to the former diſtances, the per- 
pendiculars fr, eq, dp, and conſequently the denſities 
of the air in the places F, E, D, which are analo- 
gous to the perpendiculars, will be in a geometrical 
progreſſion. | | 

In the firſt place then, becauſe the diſtances of the 
leſſer letters from the center, are reciprocally as the 
diſtances of their correſpondent greater letters from 
the ſame, it is manifeſt that Cd is to Ceas CE is to CD, 
and conſequently the difference of Cd and Ce, is to 
the difference of CE and CD, as Ce to CD, or (be- 
cauſe the points E and D are ſuppoſed to be infinite- 
ly near to each other) as Ce to CE, or (becauſe Ce is 
leſs than CA in the fame proportion by which CE 
is greater than CA, and conſequently Ce, CA and 
CE are continual proportionals) as CAg is to Cp. 
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It is evident then, that de (the difference of C4 
and Ce) is ro DE (the difference of CE and CD) as 
C44 is to Cg. 

T herefore if the diſtance CE remain unaltered, and 
conſequently the proportion of CAg to CEgq remain 
unaltered, the proportion of de to DE will alſo re- 
main unaltered, and conſequently de will be as DE; 
that is, de will be increaſed and diminiſhed in the 
ſame proportion with DE. 

But if DE remain unaltered, becauſe it is always 
greater than de in the proportion by which CEg is 
greater than CA, it follows that de muſt neceſſarily 
be diminiſhed in the ſame proportion by which CEę 
is increaſed, and increafed in the ſame proportion 
by which CE is diminiſhed ; or in other words, it 
muſt always of neceſſity be reciprocally as CEg. 

Whence it follows, that if neither DE nor CE re- 
main unaltered, de will be as DE directly and as C Eq 
reciprocally. 

But the bulk of air between the places D and E is 
as DE, and the gravitation of the ſame is recipro- 
cally as the ſquare of CE, its diſtance from the cen- 
ter; therefore de is as the bulk and gravitation to- 
gether of the ſame; and conſequently fince eq is as its 
denſity, the product of de and eq or the area degp will 
be as the product of its denſity, bulk and gravitati- 
on, that is, as its force to compreſs the inferior air. 

And the ſum of all ſuch areas below dp will be as 
the ſum of ſuch forces of all the air above D, that is, 
as dp the denſity of the air at D; for you know the 
denſity of the air is always as the force which com 
preſſes it. 
Since the perpendicular 4p is as the ſum of all the 
little areas below itsſelf, and the perpendicular eg, for 
the ſame reaſon, is as the ſum of all below itsſelf, it 
follows that the difference of eq and d is as the dit- 


ference of thoſe ſums, which difference is the area 
2 5 Thus 


— 
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Thus far then we have proceeded : we have found 
that the difference of the perpendiculars eq and dp is 
as the area epd comprehended by thoſe perpendicu- 
lars. 

Let us now ſuppoſe the diſtances CF, CE, CD, 
and ſo on, to be taken in a muſical progreſſion, and 
then, as was ſaid above, the diſtances Cf, Ce, Cd, and 
ſo on, will be in an arithmetical progreſſion; and 
therefore all the intervals de, ef will be equal, and con- 
ſequently the areas epd, which have thoſe equal in- 
-tervals for their baſes, will be as their altitudes eg. 

Hence the difference of eq and dp, wh#h was as 
the area egpd, will be as eq, and conſequently dy will 
be as eg. Tn other words, the two perpendiculars, 
which terminate the little area included between 
them, do every where bear the ſame given propor- 
tion to each other: that is, the proportion of / to 
eqis the ſame with the proportion of 7 to dp, and 
conſequently the perpendiculars fr, eq, dp, and ſo on, 
are in a geometrical progreſſion. 

But theſe perpendiculars expreſs the denſity of the 
air at the places F, E, D, and ſo onwards. There- 
fore thoſe denſities are alſo in a geometrical progreſ- 
ſion, which was the thing to be proved. 

To proceed further; ſince Cd is to CA as CA is 
to CD, it follows that Ad is to AD as CA to CD, or 
in other words, that Ad is leſs than AD in the ſame 
proportion by which the ſemidiameter of the earth 1s 
leſs than the diſtance of the point D from the cen- 
ter. 
Conſequently to find the length of , we muſt 
diminiſh the altitude AD in the proportion of the 
ſemidiameter of the earth to the ſum of the ſemidia- 
meter and the altitude, for which reaſon I ſhall call 
Ad the diminiſhed altitude of the point D; and * | 
on the ſame account Ae may be called the diminith- 
ed altitude of the point E, and Af the diminiſhed 

| M 3 altitude 
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altitude of the point F; and ſo if þ be the point 
which correſponds as above to the point I, Ab will 
be the diminiſhed altitude of the point H. ; 

Now it is eaſy to obſerve that as the diſtances Ca; | 
Ce, CF are in arithmetical progreſſion, ſo are alſo the 
diminiſhed altitudes Ad, Ae, Af. 

And from hence there ariſes this Theorem. That 
if the diminiſhed altitudes be taken in arithmetical 
progreſſion, the denſities of the air will be ina geo- 
metrical progreſſion, 

Theretore if the rarity of the air at any one alti- 
tude, ſuppoſe at A, be known, you may eaſily enough 
find its rarity at any other altitude, ſuppoſe at D. For 
as the diminiſhed altitude of the point H, is to the 
diminiſhed altitude of the point D, ſo will the loga- 
richm of the air's rarity at H, which is ſuppoſed to 
be known, be to the logarithm of the air's R at 
D, which was to be found. 

The whole difficulty of the buſineſs istherefore re- 
duced to this; to find the rarity of the air at ſome 
one altitude as at H. This may be done as I former- 
ly ſhewed you, by carrying the barometer to the top 
of ſome very high mountain, and obſerving the de- 
ſcent of the quickſilver. Such were the experiments 
made upon the Puy de Domme in France and Snow- 
don Hill in Wales, which ] made uſe of the laſt week 
when I diſcourſed of this ſubject. 

But the method I ſhall now deſcribe to you is more 
expeditious, and depends upon the experiment which 
we made this day. It appears, as I ſaid, by many 
ſuch experiments compared together, that the weight 
of air is to the weight of water as 1 to about 850. 
Therefore a column of air whoſe height is 850 inches 
or 70 feet and 10 inches, will be equal i in weight to 
a column of water upon the fame baſis, whoſe height 
is 1 inch. Let us ſuppoſe that AZ, the height of the 


point I above the ſurface of the earth is 70 feet and 
10 
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10 inches; then becauſe the ſtandard height of wa- 
ter in the Paſcalian tube is 34 feet or 408 inches, and 


this height of water is a ballance to the preſſure of 


the whole atmoſphere upon the ſurface of the earth, 


it is manifeft that the weight of the whole column of 


air, which is ſuperior to the point A, is equal to the 
weight of a column of water upon the ſame baſis, 
whoſe height 1s 408 inches. Take from the weight 
of the whole column of air, the weight of that part 
of the column which reaches from A up to H, and 
which was ſhewn to be equal to one inch of water, 
and the weight of the remaining part of the column 
which is above the point I, will be equal tothe weight 
of 407 inches of water. Therefore the force with 
which the air at A is compreſſed, is to the force with 
which the air at H is compreſſed, as 408 to 407; and 
the rarity of the air at H, is to the rarity of the air 
at A, in the ſame proportion. | 
You may perceive that this method ſuppoſes the 
air to be of the ſame denſity in every part of the ſpace 
AH, which is not exactly true; but in fo ſmall an al- 
tirude as that of 70 feet, the error is altogether in- 


ſenſible, However, if you have a mind to proceed 


with the utmoſt accuracy, you may do ſo, by making 
the altitude AH as ſmall as you pleaſe (a). 


(A) Both in this and the former ſolution, pag. 102, it appears, 
that to find the air's rarity at any propoſed altitude, it is neceſſary 
firſt to determine it by experiment at ſome one altitude. But the 
Author has improved theſe ſolutions in his Harmonia Menſurarum, 
ſo as to find the rarity at any propoſed altitude without that deter- 


. mination ; which may be looked upon as no ſmall curioſity, and 


alſo as a particular proof, among many more in that admirable 
book, of the great excellency of the Author's general method of re- 
ducing problems to the Meaſures of Ratios and Angles, and thence 
immediately to the tables of Logarithms, Sines and Tangents; as bæ- 
ing the ſhorteſt and eaſieſt way, both in theory and practice, to an 


actual ſolution. As an inſtance of this I will give his ſolutions of 


the problem before us, in the form of the following Rules for com- 
putation, omitting the geometrical repreſentation of them as requir- 
M 4 ing 
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LECTURE Xv. 


Air is the medium that propagates ſounds: their velcci- 
ty and manner of propagation. 


ROM the experiments we have been making it 

F is very eaſy to infer this concluſion, that the air 
is that medium by which all ſounds are propagated 
from ſonorous bodies and conveyed to our ears. As 
the air was in part exhauſted from our receiver, ſo 
was the ſound of the bell proportionably diminiſh- 
ed; and when we ſeemed to have made an almoſt 
erfect evacuation, the ſound alſo at the ſame time 
eemed almoſt entirely to ceaſe. On the other hand 
as the quantity of air was augmented by the con- 
denſer, the ſound received a like augmentation, and 
as the augmentation of the air became yet greater, 
ſo did that of the found alſo, and ſeemingly in the 
ſame meaſure, It is therefore highly reafonable to 


ing a previous knowledge of the Author's definitions of the mea- 
6 NP th 

e logarithm of the rari uired at an 
ed Hom | a, m for the conſtant —— N for 
the height of an homogeneal atmoiphere, reduced every where to 
the denſity of the air we breath, and 5 for the ſemidiameter of the 
earth ; upon the hypotheſis of an uniform gravity of the air at all 


altitudes, we have I=7 x a; but upon the true hypotheſis of a 
decreaſing gravity, as the ſquare of the diſtance from the center in- 


creaſes, we have ] = Z x — . 
þ 4 


In the ſame book the Author has alſo given us a general ſoluti- 
on of this problem, as ſimple ag theſe particular ones, ſuppoſing 
gravity to beas any given — of the diſtance from the center. 
The Author's eſtimate of the height & in page 97, is 292 54 feet; 
vir Jſaac Newton makes it 29725 feet, taking his quickſilver to 
water as 137 to 1, and water to air as 870 to i, when that quick- 
ſilver is 30 inches high in the barometer. Phil. Princip. lib. 2. 
prop. 50. Schol. 


conclude, 
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conclude, that the air is the true and only medium 
by which all ſounds are propagated from one place 
to another; for the cauſe mult anſwer to its effect, 
and the effect to its cauſe ; as the one is augmented 
or diminiſhed, ſo muſt the other neceſſarily be aug- 
mented or diminiſhed in the ſame proportion. 

But it may perhaps be ſaid, that the air concurs 
only to the production of ſounds and not to their 
propagation. For poſſibly by the abſence of the air, 
the ſonorous body may undergo ſuch a change in its 
parts, as to be rendered incapable of being put into 
thoſe motions which are abſolutely requiſite toexcite 
in us the ſenſation of ſound. This, I ſay, may perhaps 
be objected to us, and if we admit the objection, it 
muſt be confeſſed that our experiments do not prove 
ſo much as was intended to be collected from them. 
For my part I muſt acknowledge that the ſuppo- 
ſition upon which this objection proceeds, is to me 
altogether inconceivable; for according to my ap- 
prehenſions of the matter, the preſence of the air 
ſhould rather obſtruct and in time deſtroy thoſe tre- 
mulous motions of the ſonorous body, than any way 
contribute to their production. However, for your 
further ſatisfaction, I ſhall here add an account of an 
experiment made ſome years ago by Mr, Haukſbee, 
and publiſhed in the Philoſophical Tranſactions; by 
which it will appear that ſounds actually produced, 
cannot be tranſmitted through a vacuum, | 

« I took, ſays he, a ſtrong receiver armed with a 
te braſs hoop at the bottom, in which I included a 
& bell as large as it could well contain, This re- 
« ceiverl ſcrewed ſtrongly down to a braſs plate with 
& a wet leather between, and it was full of common 
air, which could no ways make its eſcape. Thus 
«ſecured it was ſet on the pump, where it was co- 
s vered with another large receiver. In this manner 
e the air contained between the out ward and inward 

| receivers 
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« receivers was exhauſted. Now here I was ſure, 
« when the clapper ſhould be made to ſtrike the 
ce bell, there would be actually ſound produced in 
cc the inward receiver; the air in which was of the 
« ſame denſity with common air, and could ſuffer no 
s alteration by the vacuum on its outſide, ſo ſtrong- 
« ly was it ſecured on all parts. Thus all being rea- 
« dy for trial, the clapper was made to ſtrike the 
ce the bell; but I found that there was no tranſmiſ- 


* ſion of it through the vacuum, though I was ſure 


te there was actual ſound produced in the inward re- 
cc ceiver.” And from this experiment he very juſtly 
concludes, that air is the only medium for the pro- 
pagation of ſounds. 

Now to make us underſtand the manner by which 
this propagation is performed, philoſophers have ge- 
nerally had recourſe to that very obvious inſtance 
of a ſtone, or any other heavy body, thrown into a 
pond of ſtagnating water. For as the ſurface of the 
water forms itſelf into circular waves, which are ſuc- 
ceſſively propagated from the ſtone as from a cen- 
ter, and; are continually dilated in their progreſs, be- 
coming ſtill greater and greater as they are further 
removed from the center, till at laft they reach the 
banks of the water and there vaniſh, or daſhing them- 
ſelves againſt it are reflected back again ſo they tell 
us, that the tremulous motion of bodies which is re- 

uiſite for the production of ſounds, does excite in 
the air the like undulations, which are alſo propa- 
gated to very great diſtances in ſucceſſive rings, eve- 
ry way incompaſſing the ſonorous body; and theſa 
undulations meeting with our organs of hearing, im- 
preſs upon them a certain tremor, which does neceſ- 
farily excite in our minds the ſenſation of ſound. 

It muſt be allowed, that this example is proper e- 
nough to illuſtrate and repreſent to us thoſe inviſi- 
ble motions of the air, by which the „ io 

| | ounds 
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ſounds is made from one place to another. But the 
compariſon ought not to be carried on too far; for 
it is very certain it will not hold good in every re- 
ſpect, and ſome philoſophers of great note, have o- 
verſhot the mark by endeavouring to make out a 
more exact correſpondence than was needful. 

I ſhall here take notice only of two particulars, in 
one of which an agreement may be obſerved in theſe 
motions of air and water; in the other a diſagree- 
ment. It is eaſy to perceive upon the ſurface of ſuch 
a pond as I have been ſpeaking of, that the watry 
undulations are propagated not only directly for- 
wards, but if any obſtacle happen to be placed in their 
way ſo as to obſtruct their progreſs, they will bend 
their courſe about the ſides of the obſtacle, and dilate 
themſelves by an oblique motion, into that part of 
the pond which lies immediately behind the obſta- 
cle; which part of the ſurface of the pond muſt have 
remained perfectly ſmooth, and could never have 
participated of this undulating motion, if it were not 
otherways propagated than by ſtraight lines proceed- 
ing directly from the central body which firſt excit- 
ed ir. Imagine a partition to be drawn croſs the 

nd, from the one fide of it to the other, by which 
it may be divided into two parts, and in the middle 
of this partition conceivea ſmall aperture to be made, 
by which the water on the one fide of the partition, 
may have a communication with that on the other 
fide of it. Then if the water on either fide be pur in- 
to an undulating motion, the waves will continue to 
extend themſelves till they arrive at the partition, 
and there will in part be reflected back again, and in 
part be permitted to paſs through the aperture; and 
after their paſſage you will perceive them to be re- 
gularly dilated from the aperture as from a center, 
and to ſpread themſelves over the whole ſurface of 


the pond which lies behind the partition; not by a — 
a rect 
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rect motion from the place in which they were at firſt 
excited, for this cannot be by reaſon of the partition, 
but by an oblique and lateral progreſs, their courſe 
being bent as they paſs through the aperture. 

In the ſame manner it may be obſerved, that thoſe 
undulations of the air by which ſounds are convey- 
ed from place to place, are not only propagated in 
ſtraight lines, proceeding directly from the ſonorous 
body, but if any obſtacle happen to be interpoſed, 
they alſo bend their courſe about the obſtacle, and 
arrive at the ears of the hearer by an oblique motion. 
Thus two perſons may very well hold a diſcourſe 
with each other, though a very high wall be between 
them, and it is certain the ſound in this caſe is not 
carried from the one to the other by a direct motion, 
but after it has aſcended from the ſpeaker to the top 
of the wall, its courſe is there bent, and ſo it pro- 
ceeds down again to the hearer. 

Thus if a gun be diſcharged on the one ſide of a 
mountain, we may eaſily hear the ſound of it on the 
other ſide; though it be very certain that this ſound 
could never reach our ears unleſs it were propagated 
obliquely over the top of the mountain, or by the 
ſides of it, That theſe things are matter of fact eve- 
ry bodyꝭs on obſervation will convince him. But 
philoſophers are ſometimes led on by prejudice, to 
argue even againſt matter of fact. That we may there- 
fore oppoſe them in their on way, it will be worth 
our while to examine a little into the nature of the 
thing, and to ſee what concluſion we may poſſibly 
infer from thence. 

In order to this I ſhall in the firſt place endeavour 
repreſent to you, as clearly and diſtinctly as I can, 
the manner by which theſe undulations are produ- 
ced in the air and continued; for thoſe upon the 
ſurface of water need not here be any further in- 
ſiſted on, their oblique propagation ſeeming, indeed 
never to have been called into queſtion, We 


xv. . through the air. 173 


We are therefore to underſtand, that the parts of 
the ſonorous body, being put into a tremulous and 
vibrating motion, are by turns moved forwards and 
backwards. Now as they go forwards they mult of 
neceſſity preſs upon the parts of the air to which they 
are contiguous, and force them alſo to move for- 
wards in the ſame direction with themſelves; and 
conſequently thoſe contiguous parts will at that time 
be condenſed ; then as the parts of the ſonorous bo- 
dy return back again, the parts of the atr which were 
Juſt before condenſed, will be permitted to return 
with them, and by returning they will again expand 
themſelves. It is manifeſt therefore, that the conti- 
guous parts of the air will go forwards and back- 
wards by turns, and be ſubject to the like vibrating 
motion with the parts of the ſonorous body. 

And as the ſonorous body produces a vibrating 
motion in the contiguous parts of the air, ſo will 
theſe parts thus agitated, in like manner produce a 
vibrating motion in the next parts, and thofe in the 
next, and ſo on continually. And as the firſt parts 
were condenſed in their progrefs and relaxed in their 


regreſs, ſo will the other parts, as often as they go 


. forwards, be condenſed, and as often as they go 
backwards, be relaxed. And therefore they will not 
all go forwards together and all go backwards to- 
gether; for then their reſpective diſtances would al- 
ways be the ſame, and conſequently they could not 
be rarefied and condenſed by turns; but meeting 
each other when they are condenfed, and going from 
each other when they are rarefied, they muſt necef- 
farily one part of them go forwards whilſt the other 
goes backwards, by alternate changes from the firſt 

to the laſt. | 
Now the parts which go forwards, and by going 
forwards are condenſed, conſtitute thoſe pulſes which 
ſtrike upon our organs of hearing and other _ 
cles 
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cles they meet with; and therefore a ſucceſſion of 
pulſes will be propagated from the ſonorous body, 
And becauſe the vibrations of the ſonorous body fol- 
low each other at equal intervals of time, the pulſes 
which are excited by thoſe ſeveral vibrations, will 
alſo ſucceed each other at the ſame equal intervals. 
Lou ſce then that the undulations of the air conſiſt in 
a ſucceſſive and interchangable rarefaction and con- 
denſation of its ſeveral parts, as thoſe of water con- 
ſiſted of ſucceſſive and interchangable aſcents and 
deſcents of the ſeveral parts of the water: the pulſes 
or denſer parts of the air correſpond to the aſcents 
of the water, and as thoſe elevated parts of the wa- 
ter deſcend again by the force of their gravity, ſo 
theſe denſer parts of the air expand themſelves again 
by the force of their elaſticity. | 
This further may be obſerved, that though the 
pulſes are carried on to very great diſtances by a di- 
rect progreſſive motion, yet the ſpaces in which the 
parts of the air perform their vibrations, may be ve- 
ry ſmall and inconſiderable. To propagate the pulſes, 
it is not requiſite that the whole body of the air 
ſhould be moved on directly forwards as in the caſe 
of winds; for by ſuch a motion, as was ſaid above, 
the ſeveral parts of the air would always retain their 
reſpective diſtances from each other, and conſequent- 
ly they could not be ſucceſſively and interchangably 
rarcfhed and condenſed, and thereby no pulſe would 
be made. It is therefore abſolutely neceſſary that they 
move backwards and forwards by turns; and how 
ſmall ſoever the ſpace is in which their vibrations are 
performed, it will be ſufficient to cauſe a ſucceſſive 
condenſation of the parts; in which ſucceſſive con- 
denſation the progreſs of each pulſe conſiſts. 
It now remains to be proved that theſe pulſes and 
undulations are propagated not only directly for- 


wards, according to the tendency of the motion n 
e 


” 
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the parts of the ſonorous body, but ſideways alſo, 
ſpreading themſelves obliquely into the neighbour- 
ing regions of the air, which would otherwiſe remain 
at reſt, as Cr a of the tract of their ditect moti- 
on. This neighbouring air, which borders on the ſides 
or edges of that tract, being in its natural ſtate of 
expanſion, will be rarer than the air which makes the 
pulſes, and denſer than that in the intervals between 
the pulſes. It muſt therefore neceſſarily come to paſs, 
that theair of the pulſes will expand itſelf laterally 

into thoſe parts of the 3 ſpaces which are o- 
ver againſt the pulſes, and thoſe parts of the border- 
ing air, which are over againſt the intervals of the 
pulſes, will for the ſame reaſon dilate themſelves la- 
terally into the intervals; and thus the bordering air 
will become denſer over againſt the pulſes, and rarer 
over againſt the intervals, and ſo partake of that un- 
dulating motion which was at firſt directly propa- 
gated from the ſonorous body. 

And as this air which immediately borders upon 
the tract of direct motion, owes its undulations to 
the air contained in that tract, ſo does it after the 
ſame manner communicate the like undulations to 
the air which is next to ĩt on the other ſide, and that 
communicates the like to the next, and ſo on conti- 
nually. And thus the undulations are propagated in- 
to all the neighbouring regions; not always indeed 
by a motion proceeding in ſtraight lines from the 
ſonorous body, but if thoſe regions happen to lie 
out of the tract of direct motion, or to be placed be- 
hind ſome obſtacle, the propagation is made by ſuch 
a lateral and oblique diffuſion as has been above de- 
ſcribed. It is evident therefore from the conſidera- 
tion of their nature, as well as from experiment and 
matter of fact, that theſe aery undulations agree with 
thoſe of water in being propagated not only direct- 
ly forwards, but allo obliquely, ſo as thereby to 

pervade 


NE — PP . ˙·ꝛ I} = — — — — — 
. 


176 Propagation of ſounds Let; 
pervade the ſpaces which lie behind any obſtacle 
whick may be oppoſed to their progreſs. And the 
fame may be ſaid of any other ſort of motion or 
preſſure which is coriveyed by the intervention of a- 
ny fluid. And this was the firſt of thoſe two parti- 
culars which I thought fit to take notice of. 

If the account I have been giving of this matter, 
from the philoſophy of Sir aac Newton, may any 
way contribute toa clearer conception of the manner 
by which ſounds are tranſmitted through the air, it 
will be no loſs of time to have inſiſted fo long upon 
it. But befides this advantage, I had further in my 
view the deciſion of a notable queſtion among philo- 
ſophers, concerning the propagation of light. Some 
have thought that the body of the fun does all a- 
round it, inceflantly caſt out from itsſelf, with an al- 
moſt incredible ſwiftneſs, thoſe very fine and deli- 
cate particles of matter, which after they have tra- 
verſed ſo vaſt a diſtance, impreſs upon our organs of 
ſeeing that peculiar motion which is requiſite to ex- 
cite in our minds the ſenſation of light. Others ori 
the contrary, and thoſe the more numerous, have 
believed that the Jucifick particles which immedi- 
ately affect our ſenſe of ſeeing, are by no means them- 
ſelves derived from the body of the fun, but their 
motion only ; and this motion they imagine to be 
communicated to them from the fun, by the media- 
tion of a very ſubtle and ætherial fluid, whereof they 
themſelves make a part. 

Des Cartes indeed who held a plenum, tliought it 
ſufficient to make the action of light conſiſt in a 
preſſure only, which he conceived to be inſtantane- 
ouſly conveyed from the ſun by means of that ple- 
num. But this notion was afterwards confuted by a 
ſurpriſing diſcovery of Mr. Roemer, who made it e- 
vident from obſervations of the eclipſes of Jupiter's 


ſatellites, that the propagation of light was not in- 
: ſtantaneous, 
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ſtantaneous, though its ſwiſtneſs was found to be al- 
moſt beyond comprehenſion, as requiring no longer 
a time than that of half a quarter of an hour to paſs 
from the ſun to the earth, which ſpace a cannon ball 
would be 25 years in deſcribing. 

Hereupon Hugenius propoſed a new hypotheſis, 
in which he ſuppoſes this very ſwift, but not inſtan- 
taneous, motion to be propagated from the fun by 
ſucceſſive undulations of the æther, in all reſpects a- 
like to thoſe of the air, by which the motion of 
ſounds is tranſmitted from ſonorous bodies. When 
we take a particular view of the ſeveral parts of this 
hypotheſis, it appears to be ſo very ingeniouſly 
contrived, and ſo handſomely put together, that one 
can hardly forbear to wiſh it were true. Burt it is ve- 
ry manifeſt, from the obſervation J have lately been 
making, that neither this nor any other hypotheſis 
can be fo, which ſuppoſes the progreſs of light to 
depend only upon the agitations of a fluid medium, 
conveyed ſucceſſively from the luminous body to our 
ſenſes. For if any ſuch hypotheſis were true, the con- 
ſequence of it would be this, that light would not 
only go directly forwards in ſtraight lines from the 
luminous body, but might alſo diffuſe itſelf oblique- 
ly, after the manner of ſounds, when any obſtacle 
happened to be interpoſed, and ſo it might dilate 
itsſelf into the ſpaces which lie behind the obſtacle z 
and thus we ſhould havea perpetual day even at mid- 
night, and a total eclipſe of the ſun's light would 
be a thing altogether impoſſible. I might here add 
ſome further conſiderations concerning the motion 
of light, but ſince I cannot do it without making 
this digrefſion too long, I ſhall omit it and return to 
the ſubject I have undertaken. 

The ſecond particular then, which I propoſed to 
take notice of, was concerning a certain diſagree- 


ment of the undulations of air and thoſe upon the 
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ſurface of water; I mean in reſpect of the velocity 
with which they are moved forwards. It has been 
found by many repeated obſervations, and is general - 
ly agreed on, that all ſounds are tranſmitted through 
the air with one certain, determinate velocity; the 
greatneſs or ſmallneſs of the ſound not in the leaſt 
contributing to the acceleration or retardation of its 
motion. Now it might be expected that the undula- 
tions of water ſhould alſo, in like manner, ſpread 
themſelves from the central body, which excited 
them, how different ſoever the weight, magnitude 
and force of that central body might happen to be, 
with one fixed and determinate velocity, though that 
velocity were different from the velocity of ſounds, 
as being propagated through a different medium. 

Gaſſendus indeed, who imagined a perfect corre- 
ſpondence between theſe waves of water and thoſe 
of the air, by which ſounds are conveyed, was of o- 
ome that the matter ſtood thus; but his opinion 

juſtly been cenſured by the famous Florentine 
Academy del Cimento, who found it would not an- 
ſwer upon trial. They tell us on the contrary they 
have obſerved by frequent experiments, that by ho- 
much the ſtone is larger and the force greater, where- 
with it is thrown into the water, by ſo much the cir- 
cles approach the ſhore ſwifter. 

Sir [aac Newton in his excellent Principia Philo- 
ſophie has carried this matter ſomewhat further. He 
conſiders the nature of thefe waves and the manner 
by which they are formed; and from that conſidera · 
tion he determines their velocity 4 priori. His con- 
cluſion is this, that as theſe circles are excited by a 
greater force, and conſequently their diſtances from 
each other become greater, their velocities will be 
increaſed .in a ſubduplicate proportion of their di- 
ſtances. Thus if the force be increaſed ſo much, that 
che diſtances of the waves become four times as great 
2 | | as 
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as before, their velocities will be double; if the di- 
ſtances become nine times as great, the velocity will 
be triple; if the diſtances are ſixteen times as great, 
the velocity will be quadruple, and ſo on. And more 
. he ſhews that the velocity in all caſes is 
uch, that if the length of a pendulum be taken e- 
ual to the diſtance of the waves, thoſe waves will de- 
cribe a ſpace equal to their diſtance whilſt that pen- 
dulum performs its vibration. And therefore if the 
diſtance of the waves be 39.2 inches, they will de- 
ſcribe that ſpace in a ſecond of time; but if the di- 
ſtance be greater or leſs than 39.2 inches, the ſpace 
defcribed in a ſecond of time will be augmented or 
diminiſhed in the ſubduplicate proportion of that by 
which the diſtance is augmented or diminiſhed. 

His manner of making out theſe concluſions is ve- 
ry curious, and I believe I might render it ſufficient- 
ly intelligible; but fince it is not abſolutely neceſſa- 
ry to my purpoſe, I rather chuſe to refer you to his 
book. That which more immediately belongs to our 
preſent conſideration, is the velocity of ſounds, and 
this is alſo determined à priori, from its cauſes, by 
the ſame incomparable philoſopher. The train of rea- 
ſoning which he makes uſe of on this occaſion is ſo 
wonderfully ſubtile and requires fo very cloſe an at- 
tention, that I think it not proper in this place to 
enter into every particular of it ; and it may perhaps 
be ſufficient to underſtand in general the method by 
which he proceeds. 

You have already ſeen, that in order to form thoſe 
undulations which are requiſite for the conveyance 
of ſounds, every particle of the air muſt be moved 
forwards and back wards by turns, within a certain 
very ſmall ſpace. He goes on yet further, and ſhews 
that this progreſſive and regreſſive motion is not uni- 
form, but is by degrees accelerated and retarded; and 
in particular that the laws * which this er 
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and retardation is regulated, are exactly the ſame 
ond thoſe to which the motion of a pendulum is ſub- 
7 This being demonſtrated, he conceives the atmo- 
ſphere to be reduced to ſuch an uniform ſtate, that its 
denſity in every part of it may be the fame with the 
denſity of the air at the ſurface of the earth. The 
height of the atmoſphere ſo reduced, you remember, 
was formerly proved to be about 54 miles. To this 
height he imagines a pendulum to be equal in length, 
and then making his enquiry concerning the propor- 
tion of the times in which the airy particles and that 
pendulum perform their reſpective vibrations, by 
comparing the ſpaces deſcribed and the forces with 
which they are deſcribed together, he finds that the 
time of the particles of air, is to the time of the pen- 
dulum, as the diſtance of the waves of air from each 
other, or the latitude of the pulſes, is to the circum- 
ference of a circle whoſe ſemidiameter is the length 
of the pendulum, or that height of the atmoſphere 
which was before mentioned. | 

No the pulſes by going forward deſcribe a ſpace 
equal to their latitude in the time that each particle 
of the air performs its courſe, 

Therefore the time in which the pulſes deſcribe 
their own latitude, is to the time in which the pen- 
dulum performs its vibration, going forwards > 4 
turning back again, as the latitude of the pulſes, is 
to the abovementioned circumference. 

. And from hence he deduces this concluſion ; that 
the velocity of theſe aery pulſes, or which. is the 
ſame thing, the velocity of ſounds, is of ſuch a quan- 
tity, as to deſcribe a ſpace equal to the circumfe- 
rence of a circle whoſe ſemidiameter is the height of 
the atmoſphere, in the time that a pendulum, whoſe 
length is the ſame with that height, performs its vi- 
bration, by going forwards and returning back a- 


gain. Or to expreſs the ſame thing by a ſomewhat 
differ- 
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different but eaſier manner, that the velocity of 
ſounds is equal to the velocity acquired by an heavy 
body in falling from half that height of the atmo- 
ſphere, ſuppoſed to be of the ſame uniform denſity 
in all its parts. | 

From this concluſion he proceeds to his computa- 
tion, and after all due allowances are made, he finds 
that the number of feet which ſounds deſcribe in a 
ſecond of time, is 1142; which agrees with the moſt 
exact obſervations, And this again is another full and 
perfect proof, that the air alone, and not any other 
more ſubtile fluid, which may be imagined to be in- 
rerſperſed through the body of it, is the proper ve- 
hicle of ſounds: 

It muſt indeed be confeſſed, that thoſe who have 
obſerved the motion of ſounds, have not always a- 
greed in their meaſures; but then their diſagreement 
is to be aſcribed to a want of exactneſs in the me- 
thods they uſed, or to the ſmallneſs of the diſtances 
at which their trials were made. I ſhall here give a 
relation of ſome obſervations which may beſt be de- 
pended on. | | 

Caſſini, Picard and Roemer, three excellent mem- 
bers of the French Academy of Sciences, made their 
experiment at the diſtance of about a mile and an 
half, and found that the fpace deſcribed in a fecond 
of time was 1172 feet. The Florentine Academy del 
Cimento made their trial at the diſtance of about 3 
miles, and found that the ſpace deſcribed in a ſecond 
of time was 1148 feet. Dr. Halley and Mr. Flamſteed, 
by an obſervation made at the fame diſtance con- 
cluded upon 1142 feet. And this laſt determination 
is confirmed by the moſt exact enquiries of the Re- 
verend Mr. Derbam Rector of Upminſter in Eſſex, 
and Fellow of the Royal Society, who has lately 
publiſhed in the Philoſophical Tranſactions, a par- 
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of ſeveral obſervations made by himſelf with the ut- 
moſt care and diligence, for the ſpace of three years 
together, at various diſtances from one mile to more 
than twelve. We may therefore very ſafely conclude, 
that the velocity of ſounds is of ſuch a quantity, as 
to deſcribe very nearly 1 142 feet in a ſecond of time. 

I fay very nearly, becauſe it is certain this velo- 
city may be a little augmented or diminiſhed by fa- 
vouring or contrary winds, and by heat or cold, not- 
withſtanding what ſome philoſophers have aid to 
the contrary. It is very well known, that winds are 
nothing 4 but a body of the air moved forwards, 
with a direct progreſſive motion. If therefore that 
body of air be moved the ſame way with the pulſes 
of ſound contained in it, the pulſes by participating of 
that motion, will be accelerated, if the contrary way, 
the pulſes will be retarded ; ſo that the velocity of 
the ſound will in the former caſe be augmented, in 
the latter be diminiſhed, juſt ſo much as the velocity 
gf the wind amounts to. 

The Florentine Academy and ſome others, who 
have deſignedly made experiments for this purpoſe, 
have not been able to obſerve that winds had any 
ſenſible influence upon the velocity of ſounds ; and 
thence it came to be generally believed, that there 
was not any the leaſt acceleration or retardation upon 
that ſcore. But Mr. Derbam hasat length undeceiv- 
ed us. He aſſures us, that by many certain obſerva- 
tions he has found an alteration of ſwiftneſs, which 
though it be ſmall, is yet ſufficiently ſenſible in thoſe 
very large diſtances at which he made his trials. He 
tells us he has alſp made many experiments concern- 
ing the velocity of winds, and in particular he ſays, 
that a ſtorm ſo exceedingly violent as almoſt to over- 
turn a windmill, which ſtood near the place where 
he made his obſervation, was found by many repeat- 


ed grials to move not above 66 feet in a ſecond, 
Whence 
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Whence it is eaſy to underſtand that more moderate 
winds can cauſe but a very ſmall change in the velo- 
city of ſounds. 

Let us now go on to conſider the effect of heat 
and cold. Since by heat the air contiguous to the ſur- 
face of the earth is expanded, it is manifeſt that the 
height of the atmoſphere, ſuppoſed to be every where 
of the ſame denſity with this contiguous air, will be 
increaſed in proportion to that expanſion; and there- 
fore the velocity of ſounds, which is equal to the ve- 
locity acquired by an heavy body in falling from half 
that height, will be increaſed in a ſubduplicate pro- 
portion of the ſame expanſion, And the like may be 
ſaid as to the effect of cold, namely, that the veloci- 
ty of ſounds will thereby be diminiſhed in a ſubdu- 
plicate proportion of the air's contraction. 

Hence from ſome obſervations made upon the ex- 
panſion and contraction of the air from its greateſt 
degree of heat in our climate, to its greateſt degree 
of cold, I find that the middle velocity of ſounds 
may be increaſed or diminiſhed about a thirtieth part 
of the whole; and by that means they may move a- 
bout 38 feet more, or ſo much leſs than 1142 feet in 
a ſecond of time, accordingly as the ſeaſon is either 
hotor cold to an extremity (4). 

/ Mr. Derham tells us he could never obſerve any 


a ) By Mr. Haukſfbee's experiments (Phil. Tranſ. No. 3ts5.) the 
— 2 of the — middle and leaſt expanſions of come 
mon air in this climate, are expreſſed by theſe numbers, 144, 
135, 126, which are as theſe numbers 32, 30, 28, as appears by 
dividing by 4,5. Suppeſing then the middle height of the uni- 
form atmoſphere to contain 30 equal parts, the greateſt height 
will be 32 and the leaſt 28 ſuch parts. Therefore by what hz 
been ſaid above, the middle velocity of ſounds will be increaſed in 
the ſubduplicate ratio — — 32, — A — ng to 

l nearly; which i e is v of t e v , or 
3 3 or 38 feet in a ſecond of time; and ſo much may 
the middle velocity be diminiſhed. 


N 4 change 


184 Propagation of ſounds Lea. 


change of velocity occaſioned by heat or cold, but 
we ought not from thence to conclude, againſt the 

theory, that there is none. Iam unwilling to queſti- 
on either his diligence or fidelity, and therefore I 
chooſe rather to ſay, that poſſibly at the times when 
he made his trials, the quality of the ſeaſon might not 
be very intenſe, and conſequently the change might 
be ſo ſmall as to eſcape his obſervation ; which may 
eaſily be admitted, ſince at the utmoſt it amounts but 
to the thirtieth part of the whole velocity. 

What he further adds concerning the variation, 

he of the height of the mercury in the barometer, name- 
ly, that this has no influence upon the motion of 
ſounds, may be depended on with more ſecurity ; for 
this is alſo confirmed by the theory. 

It is certain that the height of the atmoſphere, ſup- 
poſed to be reduced to the ſame ſtate of denſity with 
the air we breath in here below, is not any ways al- 
tered upon thoſe variations of the barometer. For 
though the quantity of that uniform atmoſphere be 
often changed, yet ſetting aſide the confideration of 
heat and cold, the denſity of it is always changed in 
the ſame proportion, and therefore the height of it 
does always remain unaltered; and conſequently the 
velocity acquired by falling from half that height, 
which is equal to the velocity of ſounds, does alſo re- 
main unaltered. 

Hence it it is eaſy to underſtand, that the tranſ- 
miſſion of ſounds is equally ſwift through à rarer or 
denſer air, ſuppoſing, the elaſticity of it to he aug- 
mented or duniniſhed in the fame proportion with 
its denſity ; which always comes to paſs, excepting 

when that proportion is a little difturbed by heat or 
cold. I ſhall here conclude what I think ſufficient to 
have been ſaid concerning the propagation of ſounds. 
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LECTURE XVI. 
Air ſometimes generated, ſometimes conſumed ; the na- 
ture of factuious airs ; exploſions in vacuo, diſſolu- 
tions, fermentations, Ir. 


HOUGH the experiments we have been mak- 
ing are ſufficient to convince us, that air may 
in very great quantities be produced from bodies 
which ſuffer any conſiderable alteration in the tex- 
ture of their parts, whether that alteration be made 
by almoſt inſenſible degrees, as in putrefactions and 
very ſlow fermentations, or whether it be made more 
ſwiftly, as in ſome diſſolutions, or even almoſt in- 
ſtantaneouſly, as in the exploſion of gunpowder ; 
yet for the wonderfulneſs of it, I ſhould have added 
one further trial made ſome time ago by Dr. Hare, 
had not the danger of it deterred me from attempt- 
ing to repeat it. His own account of the experiment 
is as follows. 
We took, ſays he, half a dram of the oyl of ca- 
<« rut-ſeeds and poured it into little gally-· pot, and 
put a dram of our compound ſpirit of nitre, in a 
« ſmall vial, into the ſame gally- pot, and placed over 
« it a glaſs that held three pints upon Mr. Papin's 
« exhauſting engine; and having ſoon cleared it of 
« the air, we turned up the vial in order to fee what 
e effect would enſue, in the vacuum, upon this mix- 
« ture; but in the twinkling of an eye the receiver 
© was blown up, and the mixture in a flame, which 
« ſtupendous phænomenon ſurpriſed and frightened 
eus all. Nor did I ever ſee or hear of the like by any 
% mixtures made in vacuo, though I have my ſelf 
& ſeen a thouſand, For if we look into thoſe many 
« admirableexperiments made by the immortal Mr, 
% Boyle, the removal of the air did almoſt always 
* extinguiſh light and fire and flame. The blowing 
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«« up of the glaſs does alſo make the experiment the 
« moreaſtoniſhing, and puzzles one how to account 
« for ſo great a quantity of air as was produced from 
« theſe liquors, which amounted only to a dram and 
<« anhalf; for here was required not only air enough 
4 to fill up the capacity of the veſſel, but alſo there 
« was required ſo great a preſſure within, as did ex- 
e ceed that great incumbent weight of air that preſſ- 
ed upon this capacious glaſs without, whoſe dia- 
« meter was {ix inches and the depth above eight; 
« for otherwiſe it would not have thrown it up into 
« the air. If we review and conſider well the phæ- 
«© nomena of this experiment, we may find the re- 
4 ſiſtance of ſome hundred weight, that was coun- 
<« tervailed, and not only ſo, but with a much greater 
force exploded. That it was not produced by any 
ec expanſion of the common air, for that was ſeen to 
<< riſe out of the liquors themſelves and was drawn 
i out of them in their ſeparate ſtate by the exhauſt- 
<< ing engine, which ſuffers no elaſtical air to lie con- 
« cealed in any liquors. That it was produced in an 
s inſtantby the mutual colliſion and agitation of theſe 
active and ſelf- expanding liquors, That it was not 
«« abſolutely generated de novo, but that the air was 
« antecedently there, we may reaſonably believe, al- 
«« though in a very differing ſtate from what it is in 
„ when in pleno. For all that the exhauſting engine 
«« does, is to deliver the air from a ſtate of compreſ- 
«« fjon, by leaving it to ſtretch itſelf like a bladder, 
« that has full liberty to ſwell up, and has no hard 
« body to ſtraighten or oppoſe itsexpanſion : ſo that 
« we have cauſe to conclude our liquors to be fur- 
«< niſhed with this ſort of air, which being by the 
« accenſion of theſe two liquors put to a new and 
<<. violent motion, does expand itſelf de novo, and 
&« to that degree as to anſwer ſo great an effect as is 
e above-mentioned, The circumſtances of which 
| phæno- 
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% phaznomenon will allow me to call this mixture a 
« ſort of liquid gun-powder””. Thus far Dr. Slare. 

I ſhall now proceed to give you an account of thoſe 
curious and uſeful obſervations of Mr. Boyle, which 
make up the ſecond Continuation of his Phyſico-Me- 
chanical Experiments. Theſe being the beſt and al- 
moſt only trials which have yet been made concern- 
ing factitious airs, are very proper to give us what 
further light may be had concerning their nature and 
ptoperties. I ſhall endeavour to make my extract as 
ſhort as conveniently I can, that it may not be too 
tedious. Thoſe who are deſirous to ſee the particu- 
lars of each experiment, may conſult the book itſelf 
at their leiſure with greater advantage. 


ARTICLE-1, Several ways uſed to help the production 
| of air. 

Bread by itſelf does not readily produce any air in 
vacuo, but being very much moiſtened and a little 
kneeded, it yields a ſufficient quantity; and thence 
it was concluded, that water is a fit diſlolvent to draw 
forth air out of bread. The experiment was alſo tri- 
ed by burning it in vacuo with a burning-glaſs, and 
by this means much air was generated, which did e- 
ver and anon break out as by fulmination. And from 
theſe trials it was thought probable, that the air con- 
tained in bread is ſo cloſely confined, that no eaſy. 
operation can give it'a full diſcharge; but it any 
thing could diſſolve and looſe that knot, it might 
then produce great effects. 

Dried grapes bruiſed and put into water, being 
included in a receiver produced much moreair than 
others withopt water, It appears therefore, that wa- 
ter is a fit medium to elicit air out of them; but it 
was obſerved, that the production of air did not begin 
preſently upon the affuſion of water, but that it pro- 
ceeded on with greater ſwiftneſs after the 44 57 
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of the water in five or fix days time had more deep. 
ly ſunk into and pervaded the grapes. Wy 
Pears were included in two different receivers in 
vacuo, and it was found that in one of them; which 
was expoſed to the rays of the ſun, much more air 
was generated in the ſame time than in the other, 
Whence it was conjectured, that the production of 
air 1s very much promoted by the heat of the ſun. 

Bruiſed grapes in vacuo with ſpirit of wine pro- 
duced more air than without that fpirit. Whence ic 
appeared, that ſpirit of wine doth advance the pro- 
duction of air from bodies included in vacuo; though 
by other experiments it appears —— to hinder 
that production from bodies included in common 
Alr. y 3 3 ; f 

From experiments made with apples both boiled 
and raw, both with ſugar and without it, in larger 
and ſmaller receivers, it was concluded that ſugar, 
the crudity of the fruit, and the largeneſs of the re- 
ceiver do all contribute to the production of air. 


AR r. rr. Several ways to binder the production of 
air, t 
Paſte made with bread- corn meal, without leaven, 
was put into an empty receiver, and afterwards the 
receiver was placed in a certain apartment with a 
good fire in it, yet the paſte produced noair in ten 
ours ſpace. Hence it was thought, that if paſte hath 
once ſuffered too much cold, it can ſcarce recover its 
faculty of fermenting.. For at another time paſte 
made without leaven in the ſummer ſeaſon, produ- 
ced very much air in a ſhort time in vacuo, 

Dough kneeded with leaven had a quantity of 
ſpirit of wine poured upon it, totry whether fermen- 
tation would be hindered by that means, and it was 
concluded by the event, that the ſpirit did hinder the 
production of air. N By 


By ſome trials upon pears it was collected, that 
fruits included in a receiver, with very much com- 
reſſed air in it, cannot produce ſo great a quantity 
of factitious air as in a medium leſs denſe. It was al- 
ſo further collected that artificial air is ſometimes 
produced by iterated turns, and as it were by reci- 
rocations, and that the changes of heat and cold, 
though they are not the ſole cauſes of ſuch recipro- 
cations, yet ſeem to contribute much thereunto. 
The ſame things were concluded from experi- 
ments made with paſte. Raiſins of the ſun ſteeped 
in vinegar, were placed in an emptied receiver, and 
it was thereby found, that vinegar was an hindrance 
to fermentatian and the production of air. 

Plums and apricots, many of them being cut a- 
ſunder, were placed in two receivers, in one of which 
was air produced from cherries, and in the other 
common air; and it was found by this experiment, 
that the artificial air of cherries was a great hin- 
drance to the apricots, that they could not produce 
air; yet 2 it was thought to advance 


the alteration of their colour and firmneſs, and to be 


good to preſerve their taſte. 

| Grapes included in common air with ſpirit of wine 
and without it, ſhewed that in common air the ſpi- 
rit of wine doth hinder fermentation ; though by o- 
ther experiments it was found to promote it in vacuo. 
Some s were included in an exhauſted re- 
ceiver, and together with them ſome f pirit of wine, 
which could not touch the peaches unleſs it were e- 
levated in the form of vapours. A like quantity of 
peaches was alſo included in another unexhauſted re- 
ceiver without ſpirit of wine. And it was found by 


this experiment, that the very vapours of ſpirit of 


wine, do ſomewhat hinder fermentation and the pro- 

duction of air; but much leſs than the ſpiric itlelf. 

From experiments made upon paſte with n 
| x e 
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and without it, with ſpirit of wine and without it, it 
was concluded, that leaven doth rather hinder than 
help the production of air, if the paſte be not made 
in a place hot enough; and that ſpirit of wine doth 
very much prejudice the production of air, and the 
rather if the paſte be wrought with the ferment; and 
moreover that paſte without ferment in tract of time 
will produce no leſs air than paſte with ferment. 

New ale was included in a receiver exactly filled 
that ſo no air might be left, and another quantity of 
the fame ale was included in another receiver where- 
in ſome room was allowed for the air; and from the 
experiment it feemed to follow, that ale if the air be 
excluded from the veſſel, will ferment more ſlowly 
than if ſome air were left in; yet in tract of time, 
it makes a greater compreſſion if no place be left for 
its dilatation. | 

Green peaſe in an emptied receiver with fpirit of 
wine and without it, ſhewed that ſpirit of wine doth 
hinder the production of air from peaſe. 


ART, 111. The effects of artificial air are different 
from the effects of common air. 


From two experiments made upon cherries it was 
concluded, that in artificial air fruits do produce 
leſs air, and fo they keep their colour and their taſte 
better: it was alſo obſerved, that cherries do contain 
much air in them, and that they produce it very ir- 
regularly. 

A trial was made with unripe grapes in common 
air and in factitious air produced from pears, and it 
was from thence concluded that factitious air was fit 
to alter the colour of fruit and to preſerve its taſte. 

A mixture of common air and air produced from 
cherries, was found to preſerve oranges better than 
common air alone. at 

Two pieces of beef were placed in different re- 

| | ceivers, 
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ceivers, in one of which was common air, in the o- 
ther cherry-· air; and it was concluded from the com- 

iſon of the events, that cherry- air is a great hin- 
drance to the production of air from fleſh. 

Two onions were put into a receiver full of com- 
mon air, to ſee whether vegetation would increaſe 
the quantity of air or diminiſh ir. Two other onions 
were put into a receiver with air produced from 
paſte; and it was gathered from the event, that ar- 
tificial air doth not at all hinder vegetation, and that 
not only the ſenſible bigneſs of the body, but alſo 
the quantity of air is increaſed by vegetation. 

Unripe grapes were included in common air and 
in factitious air of pears; and the compariſon con- 
firmed the efficacy of artificial air to alter the colour 
of fruits. But it was obſerved in this experiment, 
that it prejudiced the preſervation of taſte, and 
promoted the production of air, contrary to what 
had happened in ſome of the former experiments. 

Gilliflowers were included in three different re- 
ceivers, one of which was exhauſted, another hac 
common air in it, and the third contained artificial 
air of paſte; and it was obſerved that factitious air 
renders the change of colour more ſpeedy, yet it pre- 
vents mouldineſs even as a vacuum doth the ſame. 

From an experiment made in two receivers with 
common air and with artificial air of cherries, it was 
found, that the alteration of colour and firmneſs in 
apricots is promoted by cherry air, and that ſome 
part of ſuch air is deſtroyed in the beginning. 

Plums cut aſunder were put in three different re- 
ceivers, the one exhauſted, another full of gooſber- 
ry- air, the third full of common air; and by this. 
experiment artificial air ſeemed to have promoted 
alteration, 
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Some peaches were put into a receiver with com- 
mon air mixed with air produced from grapes, and 
the grapes themſelves were included in the {ame re- 
ceiver, that the common air might be the better fa- 
turated with the artificial; — from the circum- 
ſtances of this experiment it was concluded, that 
common air doth corrupt bodies, yet it doth ſo. much 
leſs, if it be mixed with factitious air. 

Equal parts of pears cut aſunder were placed in 
four different receivers, one of which was full of 
common air cloſed up, another was full of common 
air but not exactly cloſed, another contained cherry 
air, and the laſt was evacuated. It was obſerved, that 
corruption doth not begin in free air ſooner than in 
included air ; but when it is begun, it is much more 
increaſed and more ſpeedily, the included air ſeem- 
ing to be ſooner ſatiated. The aptitude of artificial 
air for the ſoftning of fruits was alſo obſerved, And it 
ſeemed probable, that the production of air was here 

moted by the artificial air, though it had ſuc- 
ceeded otherwiſe with apricots in the other trials. 

Apricots were included in four different receiv- 
ers, one had common air and was cloſed, another 
had common air but was left open, the third had a 
mixture of air produced from pears, the fourth con- 
tained common air but pretty much compreſſed. It 
was from hence concluded, that the quantity of cor- 
ruption doth depend on the quantity of air, and al- 
ſo that in factitious air alteration is made quicker, 
but in tract of time the corruption is far greater in 


common air. 


Ax r. 1v. The effetts of compreſſed air are different 
£ from the effetts of common air. 
Onions ſet to grow in common and condenſed air, 


— that a little com preſſion doth not PR 
ole 
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thoſe bodies which are to be expanded by vegeta- 
tion. NT in 

Tulips and lark-ſpurs placed in commonand con- 
denſed air ſhewed, that compreſſion in ſome plants 
doth hinder putrefaction and moulding, 

The two halfs of an orange were included in com- 
preſſed and common air; and it was confirmed by 
this experiment, that compreſſed air may ſomewhat 
retard corruption, yet in progreſs of time it was made 
probable by other experiments, that the quantity of 
corruption doth depend upon the quantity of air. 

Equal quantities of roſes were included in com- 
mon and compreſſed air; and from hence it ſeemed 
to follow, that compreſſed air is ſomething fitter fo: 
the alteration of colour than common air. 5 

The two halfs of an orange were again included 
in common and compreſſed air; and from the cir- 
cumſtances of the experiment it was concluded, that 
the quanitity of mouldineſs doth depend onthe quan- 
tity of. air, - | | 

Two mice were included in common and com- 
preſſed air; and it was found that the mouſe in the 
common air had conſumed ſomething of that air. 
By comparing the times they each lived under their 
confinement, it was judged that compreſſed air was 
fitter than common air for the prolongation of life 
but it is to beobſerved that thiscompreſſion was not 
very great. | | 

The experiment was tried with flies, and they 
ſeemed not to be ſenſible of a ſmall compreſſion, nor 
indeed are they much prejudiced: by a rarefaction 
of the air, unleſs there be an almoſt complear va- 
cuum, 

The experiment was made alſo with frogs, but 
nothing could with certainty be concluded from it. 

Another trial like the former was made with 2 
diſſected orange, and it was _ confirmed, =_ 
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the quantity of mouldineſs doth depend on-the quan- 
tity of air. But it was obſerved, that the mouldineſs 
did appear a little later in the compreſſed air than 
in the common, though afterwards it increaſed much 
more. 

The like was again concluded by experiments 
made upon roſes, the parts of a limon and upon 
gilliflowers. | 

A mouſe was put intoa receiver with common air, 
only to try whether he would produce or conſume 
air. From the event it was concluded, that living a- 
nimals conſume air, but dead ones produce it. 

Pears of the ſame ſort were included in compreſſ- 
ed air, in common air and in vacuo; and it ſeemed 
to follow from the event, that in a great compreſſion 
a leſs quantity of air is produced. 

From ſome other experiments made upon ani- 
mals, it was found that a very great compreſſion of 
air is noxious and even mortiferous to them. 


Arr. V. The effetts of artificial air upon animals. 


A bee, with diſtilled vinegar and pulverized co- 
ral, were put into a receiver, and the air being 
wholly exhauſted, matters were ſo ordered that the 
coral fell down into the glaſs of vinegar. But the air 
produced from thence, did not reſtore any power of 
motion to the bee; but when ſhe was expoſed to the 
open air, in a little time ſhe began to move herſelf, 
Hence it was ſuſpected that artificial air is unfit for 
the life of animals. 

* Two flies were included in a receiver out of which 
the common air being exhauſted, ſome gooſberry- 
air was made to ſupply its place. Afterwards two 0- 
ther flies were included in vacuo, but with this dif- 
ference, that common air was reſtored to theſe lat- 
ter flies. The event was, that the latter flies el 

| | verc 
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vered thereby their power of motion, which they 
had loſt in vacuo, but the former in the factitious air 
remained irrecoverably dead. The experiment was 
repeated with the ſame ſucceſs; and this was thought 
to be an high confirmation that artificial air is noxi- 
ous to the life of animals. 

Three receivers being filled with air produced 
from paſte, a perfumed cone was kindled and put 
into one of them, which being ſtopped, the fire with- 
in a minute of time went out. Then by blowing with 
a pair of bellows, the artificial air was expelled from 
the receiver, and the fire was again put into it as be- 
fore, and now it burned bright for a pretty long 
time, though the receiver was ſhut as ſpeedily and 
as accurately as before. Into the ſecond receiver a 
fly was put, and preſently ſeemed to be dead, but 
being expoſed to the ſun, ſhe recovered again in a 
ſhort time. Then common air being blown into the 
receiver, the fly included as before ſuffered no in- 
convenichce thereby. The ſame experiment was tri- 
ed with the ſame fly in the third receiver, being fill- 
ed with artificial air, and the ſame ſuceeſs followed, 
excepting that the fly being now longer included, 
could not ſo ſoon as before be recovered to health a- 
gain. Hence it appeared that artificial air is not on- 
1 5 8 to the life of animals, but to flame 
alſo. 

Several other ſuch experiments were tried with va- 
rious animals, from whence it was concluded as be- 
fore, that factitious air is very hurtful to their life; 
but if mixed with common air it doth not ſo readi- 
ly produce its effects; it appearing to be ſo much 
the more hurtful as it is the more free from that mix- 
ture. It was alſo made evident, that ſactitious air is 
a greater enemy to animals than a vacuum itſelf, and 
thence it was collected that it kills by ſome vene- 
mous quality, and not only by the defect of com- 
O 2 mon 
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mon air. Air produced from cherries was found to 
be ſome what leſs hurtful to frogs than that produced 
from paſte; air produced from gooſberries leſs 
hurtful to mice than air produced from gun- pow- 
der; air produced from peaſe leſs hurtful to ſnails 
than air produced from paſte, 


ArT. VI. Animals in vacuo. 


A butterfly being put into an emptied receiver 
was almoſt three hours before it was deprived of its 
faculty of motion, Then the air being let in, it re- 
covered itſelf again. After this it was bound by one 
of its horns with a thread, and ſo it was ſuſpended 
in the receiver, and it was carried very freely from 
one part of it to another by clapping its wings; but 
after the air was extracted again, the clapping of its 
wings was in vain, for it could not move the thread 
in the leaſt from being perpendicular, 

By an experiment made upon flies in very much 
rarefied air, it was concluded that a ſmall quantity 
of air may ſuffice for inſects to breath in. 

Snails were included. ſo long in vacuo till they 
ſeemed to have loſt all power of motion, and in that 
ſtate they produced ſome air, though they were not 
ſo perfectly dead as to be paſt recovery. 

ovine or the eggs of flies were placed un- 
der a receiver in air much rarefied, and it was found 
by the event, that inſects may be produced and may 
live, if not in vacuo, yet at leaſt in highly rarefied 
air. 

By another experiment of the like nature it was 
concluded, that inſects could not be generated and 
live in vacuo, though they might in rarefied air; 
which thing was alſo confirmed by a farther experi- 


ment. | 
Vinegar 
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Vinegar full of thoſe very ſmall eels which may 
be diſcovered in it by microſcopes, was for ſome- 
time included in vacuo, and another part of the ſame 
vinegar was kept in the open air; the eels which 
had been kept in vacuo were all found to be dead, 
though the others in the open air were as briſk as at 
firſt. Hence 1t was evident, that even thoſe very di- 
minutive animals are alſo affected with the preſence 
and abſence of the air, 


AR r. VII. Contains ſome experiments concerning the 
conſumption of fuel by fire in compreſſed air. 


It was concluded from thoſe experiments, that the 
quantity of matter conſumed in a given ſpace of 
time did nearly anſwer to the quantity of compreſſ- 
ed air. | 


Ax r. VIII. Fire uſed to produce air. 


Paper beſmeared with ſulphur was burnt in va- 
cuo, and ſome air was thereby produced, which was 
not at all diminiſhed for two whole days. This air 
was aſcribed to the paper, for it was found by other 
trials, that no air is produced out of ſulphur alone. 

Some air was produced from harts-horn burnt in 
vacuo, but part of this air was in a ſhort time de- 
ſtroyed again, and the other part which preſerved 
its elaſticity for a full hour after the burning-glaſs 
= removed, ſeemed afterwards not to loſe it at 

I, | 

Amber produced no air even by being burnt. 

Camphire in vacuo was placed over a digeſting 
furnace, and though it was ſublimated into flowers, 
yet no air was produced, 

Sulphur vivum was melted in vacuo by a burn- 
ing-glaſs; but the fumes of it did not appear to con- 
tain any air, O 3 Paſte 
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Paſte that had been included in vacuo for nine 
days and ſeemed to have emitted all its air, was en- 
deavoured to be fired with a burning-glaſs. The ſub. 
ſiding fumes had tinged the ſurface of the paſte 
with a cyrious yellow colour, and it was conjectured 
that ſome air was produced. 


Arr. IX. Concerning the production of air in vacuo, 


Dried grapes and dried figs were placed in vacuo, 
and it was concluded from the event, that dried 
fruits in vacuo produce very little air, 

A pricots appeared to produce their air almoſt as 
eaſily in their wonted preſſure as in vacuo. 

By comparing the events of cherries in vacuo, 
when whole and when diſſected, it was concluded, 
that ſome diſſected fruits do ſooner produce their air 
than whole and undivided ones. | 

Cabbages cut in pieces were put into an emptied 
receiver, and it was thought from the circumſtances 
of the experiment, that bodies when they putrify, 
have already produced almoſt all their air, 

The ſame was confirmed by another experiment 
made upon apples. 

Two equal quantities of milk were put into two 
glaſs receivers of equal bigneſs; the one was left in 
the free air, the other was evacuated. And it was 
obſerved, firſt, that the coagulation of milk, when 
the air is extracted therefrom, is ſomewhat retard: 
ed. Secondly, that the butter, whey and cheeſe are 
mixed with one another confuſedly in the air, but in 
vacuo they keep their diſtinct places, and one ſwims 
ypon the top of the other. Thirdly, that the putre- 
faction of milk is hindered or very much retarded 
in vacuo. Laſtly, that milk by long continuance in 
vacuo, is made unfit to generate warms, even in com · 
mon air, 


A 
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A like experiment was made with urine. By com- 
paring the quantity of air produced in this experi- 
ment, with that produced in the former, it ſeemed, - 
that urine, which is an excrementitious humour, con- 
tains leſs air in it than milk which is an alimental 
humour. And moreover the efficacy of the air to 
corrupt urine was here very obſervable. 

Paſte very much diluted and without leaven, be- 
ing put into a glaſs veſſel, was placed in an emptied 
receiver, and though the veſſel which contained it 
were not half full before all the air was exhauſted, 
be the ſame day the paſte had ſwollen above the 

rims of the veſſel. The next day the paſte continu- 
ed to ſwell more and more, and was interſperſed. 
with many cavities. The third day the paſte was 
much more tumid than before, and much air was ge- 
nerated from it. The fourth day in the morning the 
cover was found to be ſeparated from the receiver by 
the force of the produced air, and ſome of the paſte 
was ſpread above the edges of the receiver, yet its 
ſwelling was ſomewhat abated. In the afternoon its 
tumidneſs was much more abated, yet it took up 
twice more room than it did before it was put into 
the receiver. The taſte of it was not acid, and it was 
thought that bread thus made was very light. _ 

A quantity of beef was put into an exhauſted re- 
ceiver, and it was concluded from the event, that 
fleſh, whilſt it putrifies, doth produce much more 
air than before it putrifies, though the contrary was 
before obſerved of fruits. 

From an experiment made upon gooſberries it 
ſeemed to follow, that theſe fruits after they have 
produced all their air, admit very little alteration; 
as if that air itſelf were the cauſe of corruption. _ 

By an experiment made upon dried plums it was 
confirmed, that dried fruits are very unfit to pro- 


duce air. | 
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A trial was made with nut-kernels, and it appear- 
ed, that air may without ſenſible . be 
produced from fruits even of an hard conſiſtence. 


Arr. X. Concerning the pruduction F air above its 
wonted preſſure. 


An experiment made with gooſberries ſermed to 
prove, that gooſberries contain much air in them, 
which as ſoon as it 1s freed from the uſual preſſure, 
doth more readily break forth than when it is re- 
ſtrained by ſome ambient air, until the gooſberries 
begin to be fermented ; for then air is produced in 

a far Jarger quantity, even in a great compreſſion. 

An experiment made with paſte ſeemed to prove, 
that air may be produced out of paſte in compreſſed 
air as well as in vacuo. 

Horlſe-beans contain much air, which they pro- 
duce very irregularly, both in vacuo and under a 
moderate preſſure, 

Gooſberriesproduce their air regularly enough un- 
leſs dmethingt be extracted out of the receiver, for 
then they acquire ſtrength to produce new air more 
ſpeedily. 

Grapes produce not all their air but in a long tract 
of time. 

Pears ſeemed to produce their air, as it were by 
paroxyſms or fits. 


AR r. XI. Various experiments, 


. Melted lead and melted tin produced no air in va- 
cuo. It was obſerved by the way, that the ſurface of 
theſe melted metals which were included in a braſs 
veſſel, was concave in vacuo after concretion, though 
in the common air it be convex, 


Water 
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Water ſaturated with ſalt was placed in vacuo, to 
try whether it would there be converted into cry- 
ſtals, as is uſual in the free air, but it was found it 
would not. "Be | 

Air produced from gooſberries was put into an 
evacuated receiver furniſhed with a mercurial gage. 
It was found that in the ſpace of half a year, no 
change was made in the height of the mercury, and 
ee the ſpring of this factitious air was not 
altered in ſo long a time. 

A vial capable of containing 7 ounces, 5 drams 
and 3 grains of water, was exhauſted of its air and 
weighed ; then the bladder which covered its orifice 
was pierced with a needle, and thus being filled with 
air again, it was found to be 44 grains heavier than 
before, whence it followed that water was about 800 
times more ponderous than an equal bulk of air. 

Aqua-fortis with fixt nitre were placed in a re- 
ceiver, which being exhauſted, the one was poured 
into the other, and muchair was thereby produced. 

Spirit of wine was found to be very ſenſibly con- 
denſed by a moderate degree of cold, but not at all 
by a very great compreſſion. 

Spirit of wine and oil of turpentine were cleanſed 
of air, then a quantity of the ſpirit of wine being 
put into a glaſs, ſome drops of the oil of turpentine 
were ſuperadded to it, which ſwimming upon the 
ſpirit, were whirled about as is uſual by an odd mo- 
tion. Afterwards the veſſel was placed in an exhauſt- 
ed receiver, and though no ebullition was made, nor 
any bubbles appeared, yet the drops continued to 
be moved in vacuo as in the open air. Hence it 
ſeemed to follow, that the cauſe of the motion of 
the drops is not to be aſcribed to the diſſolution of 
them, for all diſſolutions in vacuo are wont to pro- 


duce bubbles, | 


A 
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A glaſs containing ſpirit of ſal-armoniac and the 
filings of copper was placed in vacuo. In a month's 
time the blew colour given to the ſpirit by the cop- 
per was almoſt quite vaniſhed, but upon the admiſ- 
ſion of the air it quickly returned. 

A mixture of aqua ·- fortis and ſpirit of wine was di- 
ſtributed equally into three glaſſes, into which three 
equal pieces of iron were put. One of theſe veſſels 
being included in vacuo, a great many ebullitions 
were made in it. After a quarter of an hour the veſ- 
ſel was taken out again, and the liquor was found to 
be black and turbid, whereas the other two veſſels 
had their liquor not altered in colour, but only ſome 
black powder did appear at the bottom of them. 
Spirit of ſal-armoniac with filings of copper were 
again placed in vacuo, and after the ſpirit had ceaſed 
to emit any bubbles, the filings were mixed there- 
with, which cauſed many bubbles to break forth a- 
gain; but they were ſo far from producing any air, 
that on the contrary they conſumed that which was 
there before, 


ARr. XII. Artificial air deſtroyed. 


Air produced from cherries was tranſmitted into 
a receiver full of common air. It was concluded from 
the event, that air produced from fruits, at the be- 
ginning is in part deſtroyed; but the reſt can keep 
the form of air very long. 

Sal-armoniac was put into a receiver with a ſuffi- 


cient quantity of oil of vitriol, then the air being ex- 


hauſted, the ſalt was put into the oil, whereupon a 
great ebullition preſently followed, and the mercury 
in the gage ſhewed a good quantity of air to be ge- 
nerated ; but this by the ſame gage ſoon after ap- 
peared to be deſtroyed again. The experiment was 
repeated, and both the production and deſtruction 

were 
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were ſlower than before. Afterwards oil of vitriol a- 

lone was put into a receiver, in which only a fifth 

part of air was left to, try whether the oil without ſal- 

armoniac would diminiſh the elaſtical force of the 
air; but it fell out contrary, that the force of the air 
was increaſed. It was confirmed by theſe trials,” that 
ſome artificial airs may' be deſtroyed, but it was 
thought to deſerve a further enquiry, why this de- 

ſtruction happens ſometimes ſooner and ſometimes 

later, | 1 


Arx. XIII. Experiments concerning the different cele- 
rity of air produced in vacuo or in common air, 


From theſe experiments made with paſte, the ker- 
nels of filberds, raiſins of the ſun and onions, it was 
concluded, that ſome bodies do moreeaſily produce 
their air in vacuo than in common or rarefied air. 


An r. XIV. The difference betwixt whole or entire, and 
bruiſed fruits, | 


Bruiſed pears did not produce air ſo ſoon as entire 
ones. The ſame was found to hold as to bruiſed ap- 
= and unripe grapes bruiſed ; but ripe grapes 

ruiſed had the contrary effect. By another experi- 
ment upon apples it was concluded, that bruiſed 
fruits do produce leſs air in vacuo than ſound ones, 
contrary to what happens in the common air. The 
reaſon whereof was thought to be this, that bruifed 
fruits are very much rarefied in vacuo, and ſo the 
ſeveral principles of which they conſiſt, cannor act 
upon one another; but unbruiſed fruits, by reaſon 
of the entireneſs of their ambient ſkin, undergo leſs 
rarefaction. 


a ART, 


| Ar. XV. Contains ſome experiments, | 


By which it ſeemed, that the air at divers times is 
diverſly affected; ſo that ſometimes it hath a power 
to hinder corruption and ſometimes to promote it; 
ſometimes it readily produces mouldineſs, at other 
times it is unfit for that purpoſe, | 


AR r. XVI. Contains experiments, 


By which it appears, that ſome bodies, even in 
veſſels hermetically ſealed, may loſe part of their 
weight by being expoſed to the beams of the ſun con- 


centered with a burning-glaſs, 
AzT, XVII. Of the preſervation of bodies in compreſs- 


ed liquors, 


Many experiments are contained under this arti- 
cle; the concluſions made from them are as follow. 

That the taſte of ſome fruits may be preſerved in 
an infuſion of raiſins of the ſun, at leaſt in veſſels 
which are able to contain a great compreſſion of 
the air, | 

That liquors may grow ſour though no ſpirits 
have evaporated from them. 

That fruits cannot be long kept in pulp of apples 
by reaſon of the great production of air. | 
That the juice of crude grapes cannot conveniently 

be uſed for the preſervation of fruits, for the ſame 
reaſon. 

That fermented liquors may be uſeful for the pre- 
ſervation of fruits, as being unfit to produce air. 

That beer may be convenient for the preſervation 
of fleſh, eſpecially if it be intruded by force into the 
receiver; but this compreſſion is ſoon abated, be- 


cauſe the air compreſſed in the ſame receiver 1s apt 
_— : to 


vi. luckitious airs; | 20g 


to enter into and pervade the pores of the beer by 


That water as well as beer may conduce to the pre- 
ſervation of fleſh. a * 
That fiſhes produce leſs air than fleſh, and yet that 
they will be corrupted, though they be fortified a- 
gainſt the air, 

That butter may be Wenn great while if it be de- 
fended from the contact of the external air. 

That corruption may ſometimes happen without 
production of air. | 

That even tender bird's fleſh may be preſerved 
long by the help of beer or ale. 

That ſugar is not ſo fit for the preſervation of 
fruits as fermented liquors, , | 

That milk may ſometimes be uſed with good ſuc- 
ceſs for the preſervation of fleſh. 
| That butter melted and hot is not ſo ſucceſsfully 

uſed for the preſervation of fleſh. 

That fleſh after it is boiled, may be kept long 
without prejudice, which is a great convenience at 
ſea, ſo that perhaps there may be no need of ſalted 
fleſh. For after the raw fleſh hath been kept ſo long 
in veſſels ſtopped with ſcrews, as experience ſhews 
there is no danger of its corruption; then it is to be 
taken out, and being perfectly boiled is again to be 
included in the ſame receivers, and ſo without doubt 
it may be kept for a long time without ſalt. The 
chief art to preſerve fleſh without ſalt conſiſts here- 
in, that all air be excluded from it, and that there be 
a great compreſſion in the receiver (a). 

(a) The reaſon why ſpirit of wine preſerves fleſh, and other 
things immerſed in it, from corruption may be, that the ſpirit 
ſucks up and conſumes the air lodged in the pores of the fleſh. For 
it has been found that ſpirit of wine will imbibe a bubble of air aa 
large as thumb in about two hours, which is more than wa- 
ter will do in a much longer time, though it be firſt well purged 
of air by boiling it. | 2 
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AzT, XVIII. Contains experiments concerning elixa+ 
tion and diſtillation in vacuo, 
Ax r. XIX. Contains ſome experiments concerning e- 
I xation in veſſels ſtopped with ſcrews. 
By which it appears, that even harts-horn and the 


bones of fiſhes and four-footed creatures may be ſoft- 
ened and converted into good nouriſhment, 


AN 


as: 0 - 
APPEND IX. 
Nums. I. 


The reaſon of the riſing and falling of the mercury in 
” Sy upon change of weather, by Dr. Hal- 
ey (a). 


O account for the different heights of the mer- 
cury at ſeveral times, it will not be unneceſ- 
ſary to enumerate ſome of the principal ob- 

ſervations made upon the barometer, 
1. The firſt is, that in calm weather, when the air 
is inclined to rain, the mercury is commonly low. 

2. That in ſerene, good, ſettled weather the mer- 
cury is generally high. L 

3. That upon very great winds, though they be 
not accompanied with rain, the mercury ſinks loweſt 
of all, with relation to the point of the compaſs the 
wind blows upon. 

4. That ceteribus paribus, the greateſt heights of 
the mercury are found upon eaſterly and north-eaſt- 
erly winds. 

5. That in calm froſty weather the mercury ge- 
nerally ſtands high. 

6. That after very great ſtorms of wind, when the 
\ wats has been low, it generally riſes again ve- 

faſt, 

5 That the more northerly places have greater 
alterations of the baroſcope than the more ſoutherly. 

8. That within the tropicks and near them, thoſe 
accounts we have had from. others, and my own ob- 
ſervations at St. Helena, make very little or no vari- 


(a) Reprinted from Lowthorp's Abridg. of the Philoſophical 
Tranſactions, vol, II. pag. 20. Oe: 
| atio 
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ation of the height of the mercury in all weathers. 

Hence I conceive, that the principal catiſe of the 
riſe and fall of the mercury, is from the variable 
winds which are found in the temperate zones, and 
whoſe great inconſtancy here in England ismoſt no- 
torious. A ee e a 

A ſecond cauſe is the uncertain exhalation and pre- 
cipitation of the vapours fodging in the air, whereby 
it comes to be at one time much more crouded than 
at another, and conſequently heavier ;, but this latter 
in a great meaſure depends upon the former. Now 
from theſe principles I ſhall endeavour to explicate 
the ſeveral phænomena of the barometer, taking 
them in the ſame order I laid them down. 

1. The mercury's being low inclines it to rain, be- 
cauſe the air being light, the vapours are no longer 
ſupported thereby, being become ſpecifically heavier 
than the medium wherein they floated; ſo that they 
deſcend towards the earth, and in their fall, meeting 
with other aqueous particles, they incorporate toge- 
ther and form little drops of rain. But the mercu- 
ry's being at one time lower than at another, is the 
effect of two contrary winds blowing from the place 
where the barometer ſtands; whereby the air of that 
place is carried both ways from it, and conſequent- 
ly the incumbent cylinder of air is diminiſned, and 
accordingly the mercury ſinks. As for inſtance, if in 
the German ocean it ſhould blow a gale of weſterly 
wind, and at the ſame time an eaſterly wind in the 
Iriſh ſea, or if in France it ſhould blow a norther- 
ly wind, and in Scotland a ſoutherly, it muſt be 
granted me that, that part of the atmoſphere im- 
pendent over England would thereby be exhauſted 
and attenuated, and the mercury would ſubſide, and 
the vapours which before floated in thoſe parts of 
the air of equal gravity with themſelves, would fink. 
to the earth. e | 

2, The 
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2. The greater height of the barometer is occaſi- 
oned by two contrary winds blowing towards the 
lace of obſervation, whereby the air of other places 
is brought thither and accumulated ; ſo that the in- 
cumbentcylinder of air being increaſed both in height 
and weight, the mercury preſſed thereby muſt needs 
riſe and ſtand high, as long as the winds continue ſo 
to blow; and then the air being ſpecifically heavier, 
the vapours are better kept ſuſpended, ſo that they 
have no inclination to precipitate and fall down in 
drops; which is the reaſon of the ſerene good wea- 
ther, which attends the greater heights of the mer- 
cury. | 
3. The mercury finks the loweſt of all by the ve- 
ry rapid motion of air in ſtorms of wind. For 
the tract or region of the earth's ſurface, wherein 
theſe winds rage, not extending all round the globe, 
that ſtagnant air which is left behind, as likewiſe that 
on the ſides, cannot come in ſo faſt as to ſupply the 
evacuation made by ſo ſwift a current ; ſo that the 
air muſt neceſſarily be attenuated when and where 
the ſaid winds continue to blow, and that more of 


leſs according to their violence; add to which, that 


the horizontal motion of the air being ſo quick as it 


is, may in all probability take off ſome part of the 


perpendicular preſſure thereof: and the great agi- 
tation of its particles is the reaſon why the vapours 
are diſſipated, and do not condenſe into drops fo as 
to form rain, otherwiſe the natural conſequence of 
the air's rarefaction. 

4. The mercury ſtands the higheſt upon an eaſter- 
ly or north. eaſterly wind, becauſe in the great At- 
lantick ocean, on this ſide the 35th degree of north 
latitude, the weſterly and ſouth-weſterly winds blow 
almoſt always Trade, ſo that whenever here the wind 
comes up at eaſt and north-eaſt, it is ſure to becheck- 


ed by a contrary gale as ſoon as it reaches the 0- 
P cean 3 
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cean; wherefore, according to what is made out in 
our ſecond remark, the air muſt needs be heaped o- 
ver this ifland, and conſequently the mercury muſt 
ſtand high, as often as thefe winds blow. This holds 
true in this country, but is not a general rule for o- 
thers where the winds are under different circhm- 
ftances; and I have ſometimes ſeen the mercury 
here as low as 29 inches upon an eafterly wind, but 
then it blew exceeding hard, and fo comes to be ac- 
counted for by what was obſer ved upon the third 
remark. | | 
5. In calm froſty weather the mercury generally 
ſtands high, becaufe (as I conceive) it ſeldom freezes - 
but when the winds come out of the northern and 
north-eaftefn quarters, or at leaſt unleſs thoſe winds 
blow at no great diſtance off; for the northern 
of Germany, Denmark, Sweden, Norway, and all 
that tract from whence north-eaſtern winds come, 
are ſubject to almoſt continual froſt all the winter; 
and thereby the lower air is very much condenſed, 
and in that ſtate is brought hitherwards by thoſe 
winds, and being accumulated by the oppoſition of 
the weſterly wind blowing in the ocean, the mercu- 
ry muſt needs be preſt to a more than ordinary 
height; and as a concurring cauſe, the ſhrinking of 
the lower parts of the air into leſſer room by cold, 
muſt needs cauſe a deſcent of the upper parts of the 
atmoſphere to reduce the cavity made by this con- 
traction to an æquilibrium. | 
6. After great ſtorms of wind, when the mercury 
has been very low, it generally riſes again very faſt. 
Ionce obferved it to riſe 1 inch in lefs than 6 hours 
after a long continued ſtorm of ſouth-weſt wind. The 
reaſon is, becauſe the air being very much rarefied, 
by the great evacuations which fuch continued 
ſtorms make thereof, the neighbouring air runs in 
the more ſwiftly to bring it to an eqrtilihrium ; as 
; | | we 
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2 runs the faſter for having a great de- 
VIty . 

F. The variations are greater in the more norther- 
ly places, as at Stockholm greater than at Paris 
(compared by Mr, Paſcall) (a) becauſe the more 
northerly parts haye uſually greater ſtorms of wind 
than the more ſoutherly, whereby the mercury ſhould 
link lower in chat exercam z and then the northerly 
winds bringing the condenſed and ponderous air 
from the neighhourhoad of the pole, and that again 
being checked by a ſoutherly wind at no great di- 
ſtance, and ſo heaped, mult of neceſlity make the 


mercury in fach caſe ſtand higher in the other ex- 
cream 


. 


8. Laſtly, this gemark, that there is little or no 
variation near the <quinoctial, as at Barbadoes and 
St, Helena, does above all others confirm the hypo- 
theſis of the variable winds beiag the cauſe of theſe 
variations of the height of the mercury; for in the 
places above named there is always an eaſy gale of 
wind blowing nearly upon the ſame point, viz. 


E.N.E. at Barbadoes, and E.S.E. at St. Helena, ſo 


that there being no contrary currents of the air to 
exhauſt or accumulate it, the atmoſphere continues 
much in the ſame ſtate: however upon hurricanes 
(the moſt violent of ſtorms) the mercury has been ob- 
ſerved very low, but this is but once in two or three 
years, and it ſoon recovers its ſettled ſtate of about 
29x inches. N 

The principal objection againſt this doctrine is, 
that I ſuppoſe the air ſometimes to move from thoſe 
rts where it is already evacuated below the æqui- 
rium, and ſometimes again towards thoſe parts 


where it is condenſed and crouded above the mean 
ſtate, which may be thought contradictory to the 
laws of ſtaticks, and the rules of the equilibrium of 


(4) Equilibre des liqueurs. 
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fluids. But thoſe that ſhall conſider how when once 
an impetus is given to a fluid body, it is capable of 
mounting above its'level, and checking others that 
have a contrary tendency to deſcend by their own 
gravity, will no longer regard this as a material ob- 
ſtacle; but will rather conclude, that the great a- 
nalogy there is between the riſing and falling of the 
water upon the flux and reflux of the ſea, and this 
of accumulating and extenuating the air, is a great 
argument for the truth of this hypotheſis. For as 
the ſea over againſt the coaſt of Eſſex, riſes and ſwells 
by the meeting of the two contrary tides of flood, 
whereof the one comes from the S. W. along the 
channel of England, and the other from the north, 
and on the contrary ſinks below its level upon the 
retreat of the water both ways, in the tide of ebb; 
ſo it is very probable, that the air may ebb and flow 
after the ſame manner; but by reaſon of the diver- 
ſity of cauſes whereby the air may be ſet in mov- 
ing, the times of theſe fluxes and refluxes thereof are 
purely caſual, and not reducible to any rule, as are 
the motions of the ſea, depending wholly upon the 
regular courſe of the moon. | 
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A ſcale of degrees of heat by Sir IS AAC 
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N EWTON (a). 


The fi and deſcriptions of beats. 


n E heat of air in winter, when wa- 

begins to freeze. This heat 
may he exactly determined by placing 
a thermometer in compreſſed ſnow 
when it begins to thaw, 

The heats of the air in winter, 

The heats of the air in ſpring and 
autumn. 

The heats of the air in ſummer. 

The heat of the air at noon about 
the month of July. 

The greateſt heat which a thermo⸗ 
meter can acquire in contact with a hu- 
man body: the heat of a bird hatching 
her eggs is much the ſame. | 

Almoſt the greateſt heat of a bath 
that a perſon can bear while his hand 
is immerſed and conſtantly agitated for 
ſome time. The heat of the blood juſt 
let out of the body is almoſt the ara, 

The greateſt heat of a bath that a 
perſon can bear, while his hand is im- 
merſed and kept conſtantly at reſt for 


ſome time. 
The heat of a bath in which floating 


| wax, after it has been melted, begins by 


(a) Trandlated from the original in the TI Tranſ. 


ie, No 270. 


* | gooling 


9 


Ful of degrres boa. 


| 


cooling to loſe its fluidity and tranſpa- 
rency. 

The heat of a bath, by which float- _ 
ing wax is fo heated as do melt, and con- 
tinue in faſion without ebullition. 

A middle degree of heat between 
that wherewith wax melts and water 
boils. 

' The heat with which/water boils ve- 


hemently, and a mixture of 2 parts of 


lead, 3 of tin and 3j of biſmuth grows 
ſtiff Dy cooling. Water begins to boil 
wich a heat of 33 parts, and in boiling 
ſcarce ever exceeds a heat of 31 f. 
Drops of hot water falling upon hot 


iron, ceaſe to bubble, when the iron 


has 35 or 26 parts of heat, and of cold 
water, when the iron has 37 parts. 
The leaſt heat with Which a mix- 
ture of 1 part of lead, 4 of tin and 5 of 
18 will melt and coritinue in fu- 
ſion. 

The leaſt heat with which a mixture 
of equal parts of tin and biſmuth melts. 
This mixture by cooling grows ſtiff 
with 47 parts of heat. 

The heat with which a mixture of 2 
parts of tin and 1 part of biſmuth 


fmickts; as alſo a mixtare of 3 parts of 


tin and 2 of kad: but a mixture of 


5 parts of tin and 2 parts of biſmuth, 
grows ſtiff by cooling in this heat; 


and ſo does a mixture of equal parts of 
tin and biſmuth. | 
The leaſt heat with which a mixture 
of x part of biſmuch and 8 parts of tin 


melts, 


| 
| 
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melts. Tin by itſelf melts with a heat 
of 72 parts, and grows ſtiff by cooling 


Iin a heat of 70 parts. 


The heat with which biſmuth melts, 
as alſo a mixture of 4 parts of lead and 
x part of tin. But a mixture of 5 parts 


Jof lead and 1 part of tin, after it has 


| 
| 


been melted, grows ſtiff by cqoling in 
this heat. 

The leaſt heat with which lead melts. 
It grows hotter and melts with = 
of 96 or 97 parts, and grows ſtiff by 
cooling in a heat of 95 parts. 
| The heat with which burniog bodies 
by cooling ceaſe to be vifible in a dark 
night, and on the contrary by beating, 
begin to ſhine” in the fame degree of 


[ darknefs, bur with fo fainr a light as i 
T fcarce ſenſible. With this heat a mix- 
ture of equal 8 of tin and regulus 
wartis, and alio a 

lof biſmuth and 4 parts of that regulus, 


a mixture af 7 parts 


grows ſtiff in cooling. N 
The heat with which burning bodies 


I fhine in a dark night but not at all in 


the twilight. With this heat a mixture 
of two parts of regulus martis and 1 


| | part of biſmuth, and alſo a mixture af 
s parts of regulus martis and 1 part of 
tin, grow ſtift by cooling. Regulus alone 


grows ſtiff with a heat of 146 parts. 
The heat wherewith bodies burning 


in the twilight, juſt before fun-riſe or 


after ſun- ſet, ſhine manifeſtly, but not 


* % 


| Jat all or but very obſcurely in broad 
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192 | 5 | The heat of burning coals in a ſmall 
£ fire made of bituminous pit-coal, and 
not blown with the bellows. Iron heat- 
ed as hot as poſſible in this fire, has the 
ſame heat as the fire itſelf. But the heat 
of a ſmall fire made of wood, is a little 
| greater, having 200 or 210 parts; and 
the heat of a large fire is ſtill greater, 
eſpecially if blown with bellows. 


In the firſt column of this table we have degrees 
of heats in arithmetical progreſſion, beginning from 
the heat with which water juſt begins to freeze, as 
the loweſt degree of heat, or as a limit common to 
heat and cold, and conſidering the external heat of 
a human body as conſiſting of 12 equal parts. 

In the ſecond column we have degrees of heats in 
geometrical progreſſion; the firſt degree (12) is the 
external heat of a human body adjuſted by our ſenſes, 
the ſecond (24) is double the firſt, the third (48) is 
double the ſecond, the fourth (96) is double the 
third and the fifth (192) double the fourth (). 

By this table it appears, that the heat (34) of 
boiling water, is almoſt three times greater than the 
heat (12) of a human body, and the heat (72) of 
melting tin ſix times greater, and the heat (96) of 


(4) I underſtand the Author's ſenſe of this paragraph as follows, 
In the ſecond column we have” a ſcale of indices or exponents 
of degrees of heat in geometrical progreſſion.” The numbers 
I, IF, Iy, 14, 2, &c. in the ſecond column, being ir arithme- 
tical progreſſion, are a ſcale of logarithms, or meaſures of the ra- 
tios of the heats expreſſed by the correſponding numbers } 2, 
1477, 17, 20yr, 24, &c. in the firſt column; which being in 
_ geometrical pr n, may be ſoon found by taking , +, + of 
the logarithm of 2, or of the ratio of 1 to 2, and multi lying the 
een abſolute numbers, in the table of logarithms, by 1 2. 
by doubling the 4 laſt terms of the geometrical progreſſion 
ſo found, you get the 4 next, and by doubling theſe you have the 
4 next, and ſo on to the end of the ſcale. f 


. melting 
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melting lead eight times greater, and the heat (146) 
of melting regulus about twelve times greater, and 
the heat (200) of a common fire about ſixteen or ſe- 
7 times greater than the heat of a human 
J. | 

The table was conſtructed by the help of a ther- 
mometer and red-hot iron. By the thermometer I 
found the meaſures of all the heats as far as that which 
melts tin, and the meaſures of all the reſt by red-hot 
iron. For the heat which the iron communicates to 
contiguous cold bodies in a given rime, that is, the 
heat which it loſes in a given time, is as the whole 
heat of the iron. Conſequently if the time of its cool- 
ing be divided intoany equal parts, the correſpond- 
ing heats [both loſt and retained] will decreaſe in a 
geometrical progreſſion, and therefore may eaſily be 
found by a table of logarithms (c). | 

Firſt then by a thermometer made with linſeed- 
oil, I found when the thermometer was placed in 
melting ſnow, it the oil took up 10000 equal parts 
of ſpace, that the ſame oil, being afterwards rarefi- 
ed and dilated by the firſt degree of heat, or that 
of a human body, took up 10256 ſuch parts, and 
by the heat of water juſt beginning to boil 10705 
parts, and by the heat of water boiling vehemently 
10725 parts, and by the heat of melted tin, when 
by cooling it began to ſtiffen to the conſiſtence of an 
amalgama 11516 parts, and when quite ſtiff 11496 


res. 

Fü the oil was rarefied and dilated in the 
ratio of 40 to 39 by the heat of a human body, in 
the ratio of 15 to 14 by the heat of boiling water, in 
the ratio of 15 to 13 by the heat of melted tin be- 
ginning to ſtiffen and coagulate by cools and in 
the ratio of 23 to 20 by the heat of tin ju grown 
quite ſtiff, | 


(.] Sex pag. 191, paragraph. 1. 
N The 
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The rarefaction of air by an equal heat was ten 
times greater than that of the oil, and the rarefac- 
tion of the oil about fifteen (d) times greater than 
that of ſpirit of wine, 8 

By theſe experiments, taking the heats of the oil 
to be proportional to its rarefactions (e), and for the 
external heat of a human body writing 12 parts, the 
heat of water juſt beginning to boil, comes out 33 
ſuch parts, and of water boiling vehemently 34 
parts, and of tin either beginning to melt or to ſtiff. 
en into an amalgama 72 parts, and of tin juſt be- 
come quite iff and hard 70 parts. 

Having ſound theſe heats, in order to determine 
the reſt, I heated a piece of iron of a ſufficient thick - 
neſs, till it became red-hot, and taking it from the 
fire with the tongs likewiſe red-hot, I immediate - 
ly put it in a cool place where the wind blew con- 
ſtantly, and upon it I laid particles of diverſe metals 
and other fuſible bodies, and noted the ſeveral in- 
ſtants of time when by cooling they loſt their fluidi- 
ty and began to coagulate, and laſtly when the heat 
of the iron became equal to the external heat of a 
human body. | 


(4) Theeriginal runs thus, ;Ravefadio aeris wguali calore fuit 
decaplo major guarm rarefatio olti, & raraſafio olei quaſi guinde- 
eim vicibus major quam rarefa#ia ſpiritus vini, in which I con- 
eeive there i; ſome miſtake. For Dr. Halky, by an experiment 
deſeribed in the Philof. Tranſa&. No x9. found that when ſpurt 
of wine began to boil (after which it has no regular expanſion) it 
had increaſed itſelf a 12th part of its, bulk when cold in winter 
time; and by my own trial I have found, that with the heat of 
ſpirit of wine beginning to boil, the linſeed oil in my thermome- 
ter had-;ncreaſed itſelf about 3 thonſandth parts of its bulk when 
placed in thawing ſnow, or to make a juſter compariſon, about 
ex parts of its bulk when cold in winter time. Therefore the 
increment of the ſpirit, is to that of the oil, produced by equal 
:heats, as Ir to r or 401 to 306 or about 5 to 3 

(e) That is, to the increments of its bulk, as appears by the 
numbers in the two laſt paragraphs but one. l Then 
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Then upon this principle, that the exceſſes of the 

heats of the iron and coagulating particles, above 

the heat of the atmoſphere, found by my thermo- 

meter, were in a geometrical progreſſion, when the 

times were taken in an arithmetical progreſſion, I 
determined all thoſe heats. 

I placed the iron not in a ſtagnating air, but in a 
wind blowing uniformly, that the ait heated by the 
iron might immediately be driven away by the wind, 
and that cool air might continually fucceed it with 
an uniform motion. For by this means equal parts 
of the atmoſphere were heated in equal times, with 
degrees of heat proportionable to the heats of the 


won, 
Now the heats ſo determined were to one another 
m the ſame ratio's as the heats found by my ther- 
mometer, and therefore the principle I aſſumed, 
that the heats of the oil were proportionable ro its 
rarefactions, is a true principle (f). So far Sir Jaac 
Newton. | 
Hence we learn the conſtruction of a thermome- 
ter, Which being once adjuſted by experiment to a- 


ny one degree of heat in the Author's ſcale, ſhall de- 


termine the reſt artificially, and alfo rhe proporti- 
ons of any other heats to thoſs in the ſcale. 

For this purpoſe, fince a tube ſeldom ha to 
be perfectly cylindrical, it muſt be diſtinguiſhed in- 
to parts equal in capacity, if not in length, as fol- 
lows. Firſt weigh che empty tube, then having fill- 
ed its ball and about a ninth or tenth part of the 
tube with quickſilver, weigh it again and deduct 
the former weight from the latter; the difference is 
the weight of the incloſed quickſilver, which gives 
the weight of one hundredth part of it. 

0 i f the rarefaction of linſeed-oil was after- 
= RY 4 experiment made by Dr. Brook Taylor, 
and deſcribed in the Pliloſoph, Transact. N. 376. — 
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Mark the tube with a file at the ſurface of the 
incloſed quickſilver, and with an hundredth part of 
its 1 . weigh out 8 or 9 parcels of the like 
quickfilver, and pour them one after another upon 
the incloſed quickſilver, marking the tube ſucceſſive- 
ly at the ſurface of each parcel. | 

Then with your compaſſes compare the intervals 
of the marks, and if they be equal to one another, 
divide each of them into ten equal parts, otherwiſe 
make the parts increaſe or decreaſe as the intervals 


o. | 
Thus the capacity of the tube will be diſtinguiſhed 
into thouſandth parts of that of the ball and conti- 
guous part of the tube reaching up to the firſt mark. 

Then put the tube into a frame, and by the fide 
of it place a ſcale of thouſandth parts exactly cor- 
reſponding with the oppoſite marks upon the tube; 
and writing 1000 over againſt the firſt mark, num- 
ber the reſt in their order, as in FIG. 41. | 

On the oppoſite ſide of the tube over againſt the 
numbers 1000, 1012.8, 1025.6, 1038.4, 1051,2, 

1064, 1076.8, &c. in arithmetical progreſſion, write 
o, 6, 12, 18, 24, 30, 36, &c. alſo in arithmetical 
progreſſion, where putting marks, divide their ſe- 
veral intervals into fix equal parts if the intervals be 
equal, otherwiſe into parts proportionable to the 
intervals. And along the fide of this ſcale, at the pro-' 
per diviſions anſwering to' the numbers in the firſt 
column of the Author's ſcale, write the names of 
the ſeveral bodies whoſe degrees of heat are expreſſ- 
ed by thoſe numbers, | Ly” 

The ſcale for the given tube being thus conſtruct- 
ed, what remains to be done is only to pour in lin- 
ſeed- Oil, and adjuſt it to ſuch a quantity, that, when, 
the thermometer is placed in the heat of any one bo- 
dy marked upon the ſcale, and has acquired it very 
ſlowly and uniformly in eyery part, the ſurface — 

7 the 


untverſal thermometer, 221 


the oil may reſt exactly at the mark belonging to 
that heat; that is, at o if the ball be placed in com- 
preſſed ſnow juſt thawing, or at 34, if in water juſt 
beginning to boil; and ſo for any other. 
Alrtificers generally fill their thermometers with a 
glaſs-funnel, whoſe pipe is drawn out, like a capilla- 
ry tube, to a length and ſlenderneſs ſufficient to en- 
ter the tube of the thermometer and reach down to 
its ball. And if they happen to pour in too much 
liquor, they inſert an empty capillary tube, which 
will attract the liquor by little and little, till a due 
quantity be left behind. 

By a linſeed - oil thermometer well graduated and 
adjuſted as above, many more may ſoon be made 
with oil or any other expanding fluid, without the 
trouble of graduating their tubes by equal quantities 
of quickſilver. For having filled the balls and a con- 
venient part of the tubes, with the fluids propoſed, 
place them all together in a ſkillet of cold water, 
and while it is warming as gently as poſſible, when 
the oil in the ſtandard thermometer ſhall arrive ſuc- 
ceſſively at the ſeveral diviſions of its ſcale, at the 
ſame inſtants of time mark the new tubes at the ſe- 
veral heights of their fluids; and form a ſcale for e- 
very tube that ſhall correſpond to thoſe marks. Then 
while the liquors ſubſide by cooling gently, exa- 
mine whether they correſpond at the reſpective 
marks. 

It is eaſy to underſtand how, by the help of quick- 
filver as above, the ſcale of thouſandth parts in the 
ſtandard thermometer, may be continued below the 
mark 1000; from which the ſcales of the new tubes 
may be continued downwards, by placing them all 
together in ſome freezing mixture, provided the li- 
quors in the tubes be incapable of freezing. Theſe 
parts of the ſcales are neceſſary for regiſtering de- 
grees of cold, | 4 
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A thermometer that ſhall vary very ſenſible by 
every {mall variations of heat and cald, as thoſe of 
the atmoſphere, muſt have a large ball in - 
tion to the bore of the tube; and that the heat or 
cold may ſooner diffuſe itſelf, even to the innermoſt 
rts of the included liquor, the ball ſhould not be 
— but oblong and flatted like a French flafk. 
Thermometers intended for different uſes ſhould 
have tubes of different ſizes and lengths, for com- 
prebending a greater or ſmaller number of degrees 
of heat, ſuitable to the intended uſes. And it may 
not be improper to place a ſpirit of wine thermome- 
ter in the ſame frame with that of linſeed-oil, by 
which the larger intervals in the new ſcale may be de- - 
termined ; and theſe may be ſubdivided into ſmaller, 
anſwering to equal capacities of the tube, as above. 
Being very much ed with the ingenuity of the 
Author's method of meaſuring heats, and his care 
and judgment in ſelecting ſo great a variety of par- 
ticulars as ſnould compoſe a ſcale ſo remarkably re- 
gular, for further ſatisfaction in the accuracy of his 
meaſures, I formerly made an oil thermometer in 
the manner I have been deſcribing ; and having 
placed it in ſeveral heats mentioned by the Author, 
beginning from that of water juſt freezingandincreaſ- 
ing to that of its boiling vehemently, I found they 
raiſed my oil exactly enough to the marks determined 
upon my ſcale; and judging Sir Jaac Newton to be 
the Author of this admirable paper, as well by the 
ſtyle and manner of it, as by its analogy to ſome 
| es in his writings, I was afterwards confirmed 
in my opinion by talking with him about it, and 
mentioning the agreement of the ſcale with my own 
experiments. Which I now mention as an experi- 
mental proof of the propoſitian I began with, and as 
an inducement to thoſe that uſe thermometers in phi- 
loſophical enquiries, to conſtruct them in the man- 
ner 
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ner here deſcribed, at leaſt till a better be invented ; 
in order to render their experiments intelligible and 
uſeful to the world. For it cannot but appear to a 
thinking perſon, even from the theory alone, that 
all thermometers of this conſtruction, notwithſtand- 
ing any difference in the ſhapes and capacities of the 
tubes, muſt needs agree together artificially, to the 
ſame degree of exactneſs, as bodies of the ſame name 
and ſort, and in the ſame circumſtances, can agree 
together in the quantity of their ſenſible qualities. 
And this I think is all the information a thermome- 
ter can give us, and what I preſume has been hi- 
therto wanting, in thoſe at ſeaft that I ever met 
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NumMs. III. 


An artoumt of ſome experiments ſhown before the Royal 


Society; with an enquiry into the cauſe of the aſcent 


and ſuſpenſion of water in capillary tubes, by Dr. 


Jurin (a). 


gone days ago a method was propoſed to me by 
an ingenious friend, for making a perpetual mo- 
tion, which ſeemed ſo plauſible, and indeed ſo eaſily 
demonſtrable from an obſervation of the late Mr. 
Hawkſbee, ſaid to be grounded upon experiment, 
that though I am far from having any opinion 
of attempts of- this nature, yet I confeſs I could 


not ſee why it ſhould not ſucceed. Upon trial in- 


deed the fallacy diſcovered itſelf. But as ſearchers 
after things impoſſible in themſelyes are frequently 
obſerved to produce other diſcoveries, unexpected 


(e) Reprinted from the Philoſoph. Tranſat. Ne 355. 
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by the inventer ; ſo this propoſal has given occa- 
fion, not only to rectify ſome miſtakes into which 
we had been led by that ingenious and uſeful mem- 
ber of the Royal Society above-named, but likewiſe 
to detect the real principle by which water is raiſed 
and ſuſpended in capillary tubes, above the level. 
I. My friend's propoſal was as follows. In Fic. 42 

let abc be a capillary ſiphon, compoſed of two legs 
ab, bc, unequal both in length and diameter; whoſe 
longer and narrower leg ab having its orifice @ im- 
merſt in water, the water will riſe above the level, 
till it fills the whole tube ab, and will then cuntinue 
ſuſpended. If the wider and ſhorter leg bc, be in like 
manner immerſt, the water will only riſe to ſome 
height as fc, leſs than the entire height of the tube bc. 

This ſiphon being filled with water, and the ori- 
fice a ſunk below the ſurface of the water de, my 
friend reaſons thus. 

Since the two columns of water ab and fc, by the 
ſuppoſition, will be ſuſpended by ſome power act- 
ing within the tubes they are contained in, they can- 
not determine the water to move one way or the o- 
ther. But the column h, having nothing to ſupport 
it, muſt deſcend, and cauſe the water to run out at 
c. Then the preſſure of the atmoſphere driving the 
water upward through the orifice a, to ſupply the 
vacuity, which would otherwiſe be left in the upper 
part of the tube bc, this muſt neceſſarily produce a 
perpetual motion, ſince the water runs into the ſame 
veſſel, out of which it riſes. But the fallacy of this 
reaſoning appears upon making the experiment, 

Exp. 1. For the water, inſtead of running out at 
the orifice c, riſes upward towards f, and running 
all out of the leg bc, remains ſuſpended in the other 
leg to the height ab. 

Exp. 2. The ſame thing ſucceeds upon taking 


the ſiphon out of the water, into which its lower 
orifice 


4 
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orifice 4 had been immerſt, the water then falling 
in drops out of the orifice a, and ſtanding at laſt at 
the height ab. But in making theſe two experiments 
it is neceſſary that ag the difference of the legs ex- 
ceed fc, otherwiſe the water will not run either way. 

Exe. 3. Upon inverting the ſiphon full of water, 
it continues without motion either way. + 

The reaſon of all which will plainly appear, when 
we come to diſcover the principle by which the wa- 
ter is ſuſpended in capillary tubes, 

IT. Mr. Haukſbee's obſervation is as follows. In 
Fi6. 43 let abfc be a capillary ſiphon, into which 
the water will riſe above the level to the height ꝙ, 
and let ba be the depth of the orifice of its longer 9 
leg below the ſurface of the water de. Then the ſi- | 
phon being filled with water, if ba be not greater * 
than , the water will not run out at a, but will re- 1 

main ſuſpended. | | 

This ſeems indeed very plauſible at firſt fight. 

For ſince the column of water fc will be ſuſpended 1 
by ſome power within the tube, why ſhould not the | 
column ba, being equal to, or leſs than the former, 

continue ſuſpended by the ſame power? | 

Exp. 4. In fact, if the orifice c be lifted up out of 
the water de, the water in the tube will continue ſuſ- 
pended, unleſs ba exceed fc. | 

Exe, 5. But when is never ſo little immerſt in the 
water, immediately the water in the tube runs out in 
drops at the orifice a, though the length ab be con- 
ſiderably leſs than the height cf. _ 

Mr. Haukſbee in his Book of Experiments has ad- 
vanced another obſervation, namely, that the ſhorter 
leg of a capillary fiphon, as abfc, muſt be immerſt 
in the water to the depth fc, which is equal to the 
height of the column, that would be ſuſpended in 
it, before the water will run out at the longer leg. 

Exp. 6. From what miſtake this has proceeded, I 

* 3p cannot 
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cannot imagine; for the water runs out at the longer 
leg, as ſoon as the orifice of the ſhorter leg comes to 
touch the ſurface of the ſtagnant water, without be- 
ing at all immerſt therein. 
III. I proceed now to enquire into the cauſe of 
the aſcent and ſuſpenſion of water in capillary tubes. 

That this phænomenon is no way owing to the 
preſſure of the atmoſphere, has been, I think ſuf- 
fictently proved by Mr. Haukſbee's experiments. 

And that the cauſe aſſigned by the ſame 3 
namely, the attraction of the concave ſurface, in 
which the ſuſpended liquor is contained, is likewiſe 
2 for producing this effect, I thus demon- 

rate, 

Since in every capillary tube the height, to which 
the water will ſpontaneouſly aſcend, is reciprocally 
as the diameter of the tube, it follows, that the ſur- 
face containing the ſuſpended water in every tube is 
always a given quantity: but the column of water 
ſuſpended, is as the diameter of the tube. Therefore, 
if the attraction of the containing ſurface be the cauſe 
of the water's ſuſpenſion ; it will follow, that equal 
cauſes produce unequal effects, which is abſurd. 

To this it may perhaps be objected, that in two 
tubes of unequal diameters, the circumſtances are 
different, and therefore the two cauſes, though they 
be equal in themſelves, may produce effects that are 
unequal. For the leſſer tube has not only a greater 
curvature, but thoſe parts of the water, which lie in 
the middle of the tube, are nearer to the attracting 
furface, than in the wider. But from this, if any 
thing follows, it muſt be, that the narrower tube 
will ſuſpend the greater quantity of water, which is 
contrary to experiment. For the columns ſaſpended 
'are as the diameters of the tubes. | 

But as experiments are generally more ſatisfactory 
in things of this nature, than mathematical reaſon- 


ings, 
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ings, it may not be amiſs to make uſe of the follow - 
ing, which appear to me to contain an experimentum 
crucis. 
In Fr. 44, the tube cd is compoſed of two parts, 
in the wider of which the water will riſe ſpontane- 
ouſly to the height h/, but the narrower part, if it 
were of a ſufficient length, would raiſe the water to 
a height equal to cd, ' 

Exp. 7. This tube being filled with water, and 
the wider end c immerſt in the ſtagnant water ab, 
the whole continues ſuſpended, 

Exy. 8. The narrower end being immerſt, as in 
Fits. 48, the water immediately ſubſides, and ſtands 
at laſt at the height dg equal to b, 

From which it is manifeſt, that the ſuſpenſion of 
the water in the former of theſe experiments is not 
owing to the attraction of the containing ſurface ; 
fince, if that were true, this ſurface being the ſame, 
when the tube is inverted, would ſuſpend the water 
at the fame height, 

IV. Having ſhewn the inſufficiency of this hypo- 
theſis, I come now to the real cauſe of that phæno- 


menon, which is the attraction of the periphery, or 


rather of the ſmall annular portion of the inſide of 
the tube, to which the upper ſurface of the water is 
contiguous and coheres, 

For this is the only part of the tube, from which 
the water muſt recede upon its ſubſiding, and conſe- 
quently the only one, which by the force of its co- 
hefion or attraction, oppoſes the deſcent of the wa- 
ter. 

This likewiſe is a cauſe proportional to the effect, 
which it produces; ſince that periphery, and the 


column ſuſpended, are both in the ſame proportion 


as the diameter of the tube. ; 
Though from either of theſe particulars it were 
eaſy to draw a juſt demonſtration, yet to put the 
| Q 2 matter 


— 


* 


p mn_——— 
* 1 


In Fre. 48, abc is a ſiphon, in whoſe narrower 


228 Of the ſuſpenſion of water 


matter out of all doubt, it may be proper to confirm 
this aſſertion, as we have done the former, by actual 
experiment, 

Let therefore, in Fic. 46, edc be a tube, like that 
made uſe of in the 7th and 8th experiments, except 
that the narrower part is of a greater length ; and 
let of and bg be the heights, to which the water 
would ſpontaneouſly riſe in the two tubes ed and dc. 

Exp. 9. If this tube have its wider orifice c im- 
merſt into the water ab, and be filled to any height 
leſs than the length of the wider part, the water will 
immediately ſubſide to a level with the point g; but 
if the ſurface of the contained water enter never ſo 
little within the ſmaller tube ed, the whole column 
de will be ſuſpended, provided the lengch of that 
column do not exceed the height of. 

In this experiment it is plain, that there is nothing 
to ſuſtain the water at ſo great a height, except the 
contact of the periphery of the leſſer tube, to which 
the upper ſurface of the water is contiguous. For the 


tube dc, by the ſuppoſition, is not able to ſupport 


the water at a greater height than bg. 
Exp. 10. When the ſame tube is inverted, as in 


Fi. 47, and the water is raiſed into the lower ex- 
tremity of the wider tube cd, it immediately ſinks, 


if the length of the ſuſpended column db be greater 


than gb; whereas in the tube de it would be ſuſpend- 


ed to the height of: From which it manifeſtly ap- 


pears, that the ſuſpenſion of the column a does not 


depend upon the attraction of the tube de, but up- 
on the periphery of the wider tube, with which its 
upper ſurface is in contact. | 

V. For the fake of thoſe, who are pleaſed with 
ſeeing the ſame thing ſucceed in different manners, 
we ſubjoin the two following experiments, which are 
in ſubſtance the ſame with the gth and toth. 
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and ſhorter leg ab, if it were of a ſufficient length, 
might be ſuſpended a column of water of the height 
ef but the longer and wider leg bc will ſuſpend no 
more-than a column of the length gh. 

Exp. 11. This ſiphon being filled with water, and 
held in the ſame poſition, as in the figure, the water 
will not run out at c the orifice of the longer leg, un- 
leſs dc the difference of the legs ab and bc, exceed 
the length ef. | 

Exr. 12. If the narrower leg bc be longer than ab, 
as in FIG. 49, the water will run out at c, if dc the 
difference of the legs exceed ; otherwiſe it will re- 
main ſuſpended. 

In theſe two experiments it is plain, that the co- 
lumns dc are ſuſpended by the attraction of the pe- 
ripheries at a, ſince their lengths are equal to , or 
to the length of the column, which by the ſuppoſi- 
tion thoſe peripheries are able to ſupport ; whereas 
the tubes bc will ſuſtain columns, whoſe lengths are 
equal to gb, | 

VI. Though theſe experiments ſeem to be con- 
cluſive, yet it may not be improper to prevent an 
objection, which naturally preſents itſelf, and which 
at firſt view may be thought ſufficient to overturn 
our theory. 

For ſince a periphery of the tube ed, in Fic. 46, 
is able to ſuſtain no more than a column of the 
length af, contained in the ſame tube; how comes it 
to ſuſtain a column of the ſame length in the wider 
tube dc, which is as much greater than the former, 
as the ſection of the wider tube exceeds that of the 
narrower? 

Again, if a periphery of the wider tube de, in 
Ff. 47, be able to ſuſtain a column of water in the 
ſame tube, of the length g; why will it ſupport no 
more than a column of the fame length in the nar- 


rower tube ed ? 
Q 3 Which 
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Which queries may likewiſe be made with regard 
to the 11th and 12th experiments. 

The anſwer is eaſy, for the Moments of thoſe two 
columns of water are preciſely the ſame, as if the ſu. 
ſtaining tubes ed and cd, were continued down to the 
ſurface of the ſtagnant water ab ; ſince the velocities 
of the water, where thoſe columns grow wider or 
narrower, are to the velocities at the attracting peri- 
pheries, reciprocally as the different ſections of the 
columns. 

Exp. 13. From which conſideration ariſes this re- 
markable paradox, that a veſſel being given of what- 
ſoever form, as abc, in FIG. go, and containing any 
aſſignable quantity of water, how great ſoever; that 
whole quantity of water may be ſuſpended above the 
level, if the upper part of the veſſel c be drawn out 
into a capillary tube of a ſufficient fineneſs, 

But whether this experiment will ſucceed, when 
the height of the veſſel is greater than that, to which 
water will be raiſed by the preſſure of the atmo- 
ſphere, and how far it will be altered by a vacuum, 
J ſhall give an account in my next paper. 

Having diſcovered the cauſe of the ſuſpenſion of 
water in capillary tubes, it will not be difficult to ac- 
. count for the ſeemingly ſpontaneous aſcent of it; for 
ſince the water that enters a capillary tube, as foon 
as its orifice is dipt therein, has its gravity taken off 
by the attraction of the periphery, with which its 
upper ſurface is in contact, it muſt neceſſarily riſe 
higher, partly by the preſſure of the ſtagnant water, 
and partly by the attraction of the periphery imme- 
diately above that, which is already contiguous to 
op: | 
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An account of ſome new experiments relatins to the 
action of glaſs tubes upon water and quickſulver, by 
Dr. Jurin (a). 


1 | N the foregoing diſcourſe, preſented to the Royal 
Society, I maintained that the ſuſpenſion of 
water in a capillary tube was owing to the attra- 
ction of a ſmall annular ſurface on the inſide of the 
tube, which touched the upper part of the water. 
Among the ſeveral experiments made uſe of to 
prove this aſſertion, was that of a glaſs funnel of ſe- 
veral inches diameter, having its ſmall end drawn 
out into a very fine tube, which funnel being invert- 
ed and filled with water, the whole quantity of wa- 
ter therein contained was ſuſtained above the level 
by the attraction of that narrow annulus of glaſs, 
with which the upper ſurface of the water was in 
contact. 

Soon after that diſcourſe was printed, came out 
a book publiſhed by a learned and ingenious mem- 
ber of this Society, in which that experiment was 
accounted for in the following manner. 

Fis. 51, If there be a funnel, as ABC, full of wa- 
ter, and thoſe wide end ſtands in a veſſel of wwaler as 
BC; and the top of the funnel A end; in à capillary tybe 
open at A, the whole walter will be ſuſtained : the pillar 
Aa by the attraftion of the circle of glaſs within the tube. 
immediately above it; and all the reſt of ihe pillars of 
water, as H, Dd, Ee, Gg, Sc. in ſome meaſure by the 
altraction of the parts of the glaſs above them, as F, D, 
E, G: and that the ſmall pillars er threads of water 
Dd and Ee, do not flide down to Hand Gr, end ſo go 


(s) Reprinted from the Philo@ph. TranG@. Ne 363. 
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quite down, ſeems to be owing to their cobeſion with the 
pillar Aa, which is ſuſtained by the capillary tube A: 
for if you break off the ſaid tube at DE, the whole wa- 
ter will preſently fink down. ge 

As this ſolution was very different from what I had 
before given, and the reputation of that gentleman, 
whoſe great knowledge in experimental philoſophy 
is generally known, was ſufficient to give weight to 
any of his opinions; I thought myſelf under an ob- 
ligation to examine his account of the experiment, 
in order either to demonſtrate its inſufficiency, or to 
retract my own ſolution. Accordingly at the next 
meeting of the Society, I produced the following 
experiment, : 

InF1s. 52, the funnel aſgbe, whoſe lower part bee, 
was cylindrical to a conſiderable height, and whoſe 
rop was drawn out into a fine tube at a, being filled 
with water to the height bf, ſo that the ſurface of 
the water fg, did not reach to the arched part of the 
funnel ; I touched the end @ with a wetted finger, 
whereby a ſmall quantity of water being inſinuated 
into the capillary tube at a, the water contained in 


the funnel was ſuſpended above the level of the wa- 


ter in the ciſtern de, as in the former experiment. 

In this experiment it is manifeſt, that the little 
columns, into which we may ſuppoſe the cylinder of 
water, fzbc, to be divided, are no way ſuſtained by 
the attraction of the arched part of the glaſs above 
them, ſince they have no contact with it. Nor is there 
any ſuch middle pillar of water, which, by its con- 
tact with the tube at top, is both ſuſtained itſelf, and 
helps to ſupport the pillars about it. Upon the ſup- 
poſition of which two particulars, that gentleman's 
folution was founded, 

This experiment may be thus accounted for. The 
cylinder of water fgbc, by its weight ballances a part 
of the preſſure of the atmoſphere, which is 4 

a 8 | ent 
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bent on the water in the ciſtern, and endeavours to 
force that cylinder upwards. The reſt of that preſ- 
ſure is ballanced by the ſpring of the air, aſg, which 
is included between the cylinder of water fzbc, and 
the little column of water in the capillary a. But, as 
this air by its ſpring preſſes equally every way, it 
muſt ballance as much of the preſſure of the atmo- 
ſphere upon the little column of water at a, as it does 
of that upon the water in the ciſtern. The remainder 
of the preſſure of the atmoſphere upon the column 
of water at à is ſuſtained by the force, with which 
that column adheres to the capillary tube, which 
therefore does exactly ballance the weight of the cy- 
linder of water fgbc, and is the real, though not the 
immediate, cauſe of its ſuſpenſion, 

The experiment ſucceeds in the ſame manner, 
when a colekin of quickſilver is raiſed into the fun- 
nel, inſtead of the column of water gb, the top of 
the tube being touched with a wet finger as before. 
But then the height of the quickfilver in the funnel 
muſt be as much leſs than that of the water, as its 
ſpecifick gravity is greater. 

I proceed now to acquit myſelf of a promiſe 1 
made in the diſcourſe abovementioned, of examin- 
ing whether the experiments therein contained would 
ſucceed in vacuo; and whether water could be ſuſ- 
pended in a wide tube-by means of a capillary at 
top, ata greater heighr, than what it can be raiſed to 
by the preſſure of the atmoſphere. 

In order to this, I boiled ſome water, and after- 
wards purged it of its air, by means of the air-pump; 
which being done, thoſe experiments all ſucceeded 
in the exhauſted receiver, in the ſame manner as in 
the open air, 

The 13th experiment in particular, was made 
with a tube of about 35 inches in length, and a quarter 
of an inch diameter, the top of it being drawn out 
into 
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into a fine capillary. Which being filled with water 
purged of its air, as before mentioned, the whole 
quantity continued ſuſpended in the exhauſted re- 
ceiver. a. 

This plainly ſhews, that the ſucceſs of that expe. 
riment does not depend upon the preſſure of the air, 
fince the ſmall quantity of air left in the receiver was 
by no means capable of ſuſtaining the water at ſo 
great a height, and conſequently that the height, at 
which water may be ſuſpended in this manner, is not 
limited by that preſſure. | | | 

But here I muſt not omit taking notice of a con- 
ſiderable difficulty, which preſents itſelf to thoſe who 
attentively conſider this experiment. In order to 
make which the better appear, it will be proper to 
obſerve, what happens, when a ſimple capillary tube 
is filled with water purged of air, and incloſed in 
the exhauſted receiver. 11 

In this caſe the whole column of water contained 
in the tube, ach, F16. 53, is ſuſpended by the at- 
traction of the annulus at the top of the tube, a. 
and though that annulus does not immediately act 
upon any part of the water, except what is either 
contiguous to it, or ſo near as to be within the ſphere 
of its attraction, which extends but to a very ſmall 
diſtance z yet it is impoſſible, that any other part of 
the water, as for inſtance that at c, ſhould part from 
the water above it, and fink down; becauſe its de- 
ſcent is oppoſed by the attraction of the contiguous 
annulus at c. For this being equal to the upper au- 
nulus at a, is capable of ſuſtaining a column of wa- 
ter of the length ab, and conſequently is more than 
ſufficient for ſupporting the column of water below 
it, ch. From which it is plain, that no part of the 
water contained in the tube can poſſibly deſcend, un- 
leſs the upper part, aſſiſted by the weight of the wa- 

ter 
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ter below it, be ſufficient to overcome the attraction 
of the anzulus of glaſs at 2. 311k 

But in ſuch a compound tube, as that made uſe 
of in our experiment, ach, F1c. 54, the caſe is very 
different, and it does not eaſily appear, why in a va. 
cuum any part of the water in the wider part of the 
tube, as for example at c, ſhould not leave that which 
is above it and deſcend ; ſince the annulus at c is by 
much too wide to ſuſtain a column of water of ſo 
great a length as ch. | | 

The beſt anſwer I can give to this difficulty is, 
that the coheſion between the water contained in the 
capillary and that below it, is ſufficient, to ballance 
the weight of the column ſuſpended. But how far 
this coheſion may depend upon the preſſure of a me- 
dium, ſubtile enough to penetrate the receiver, is 
worthy of conſideration. For though ſuch a medium 
will pervade the pores of the water, as well as thoſe 
of the glaſs, yet ic will act with its intire preſſure up- 
on all the ſolid particles, if I may ſo call them, of 
the ſurface of the water in the ciſtern; whereas ſo 
many of the ſolid particles of the water in the tube, 
which happen to lie directly under the ſolid parti- 
cles of the water above them, will thereby be ſecured 
from this preſſure; and conſequently there will be a 
leſs preſſure of this medium upon any ſurface of the 
water in the tube below the capillary, than upon an 
equal ſurface of the water in the ciſtern. So that the 
column of water ſuſpended in the tube may be ſu- 
ſtained by the difference between thoſe two preſ- 
ſures. This explication ſeems to be favoured by the 
following experiments, which may all be accounted 
for in the ſame manner, though 1 ſhall anon men- 
tion another cauſe, which contributes to the ſucceſs 
of the firſt and ſecond. 

The firſt I ſhall mention is the famous experiment 
of the ſuſpenſion of mercury purged of air, — =- 
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height of 70 or 75 inches, in the Torricellian- tube, 
in the open air. To which we may add the ſuſtaining 
of mercury, likewiſe purged of air, within the ex- 
hauſted receiver, as related by the learned Monſ. 
Papin in his Continuation. du Digeſteur. 1 forbear to 
mention the ſuſpenſion of water purged of air in 
the Vacuum, which he deſcribes in the ſame book; 
becauſe there is little difference between that expe- 
riment and our own above-mentioned; the very 
top of the arched part of his tube, which top we 
may ſuppoſe as ſmall as we pleaſe, ſupplying the 
— of the fine capillary at the top of our tube. 

ut we muſt not omit the experiments made by the 
famous Monſ. Huygens, and deſcribed by him in Phi- 
loſoph. Tranſat, N' 86, of the cohering of poliſhed 
Plates, with a conſiderable force in the exhauſted re- 
ceiver; as likewiſe of the running of water and mer- 
cury, when purged of air, through a ſiphon of une- 
qual legs in the vacuum: all which he accounts for 
from the ſame principle, and much in the ſame man- 
ner, as we have uſed for explaining the experiment 
above, 

III. As to the exiſtence of ſuch a medium, I ſhall 
content myſelf to refer to what has been ſaid by our 
illuſtrious Preſident in the Queries at the latter end 
of the laſt edition of his Opticks. And as I have 
lately had the honour to entertain the Society with 
ſome experiments upon quickſilver, which were ex- 
actly the reverſe of thoſe made by Dr. Taylor, the 
late Mr. Haukſvee and myſelf, upon water; b/ which 
J am now enabled to throw this whole affair into a 
little ſyſtem by itſelf, I ſhall lay it down in the fol- 
lowing propoſitions, the proof of which is contained 
in the experiments annexed. 

Prop. 1. The particles of water attract one another. 

This, I think, is now univerſally acknowledged, 
and therefore needs no demonſtration ; the ſpheri- 
city of the drops of rain, and the running of two 

drops 
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drops of water into one another upon their contact, 
manifeſtly proving it. ; = 

=_ > 2. The particles of quicłſiluer attra one an- 
other. 
This is likewiſe manifeſt from the ſpherical fi- 
gure, into which a drop of mercury fortns itſelf upon 
a table; and from two of them immediately run- 
ning together, as ſoon as they come to touch. 
rop. 3. Water is attracted by glaſs. 

This plainly appears from all the experiments, 
that we have ſhewn upon this ſubject. | 

Prop. 4. Quicꝶſilver is attracted by glaſs. 

Exp. 1. If a ſmall globule of quickſilver be laid 
upon a clean paper, and be touched with a piece of 
clean glaſs; upon drawing the glaſs gently away, 
the quickfilver will adhere to it, and be drawn away 
with it. And if the glaſs be lifted up from the pa- 
per, the quickſilver will be taken up by it, in the 
fame manner as a piece of iron is drawn up by the 
loadſtone, and will ſtick to the glaſs by a plain ſur- 
face of a. conſiderable breadth, in propoation to the 
bulk of the drop, as manifeſtly appears by an ordi- 
nary microſcope. Then if the glaſs be held a little 
obliquely, the drop of mercury will roll ſlowly upon 
its axis along the under ſide of the glaſs, till it comes 
to the end, where it will be ſuſpended as before. 

Exe. 2. Ifa pretty large drop of mercury be laid 
upon a paper, and two pieces of glaſs be made to 
touch it, one on each ſide ; upon drawing the glaſſes 
gently from each other, the drop of mercury will ad- 
here to them both, and will be viſibly drawn out 
from a globular to an oval ſhape ; the longer axis 
paſſing through the middle of thoſe ſurfaces, in which 
the drop touches the glaſſes. . 

Prop. 5.. The particles of water are more ſtrongly 
attracted by glaſs than by one another. 

This manifeſtly appears from the riſing of water 
in ſmall tubes above the level. For when the _ 

- gins 
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begins to riſe into a capillary tube, all the particles 
of water, which touch the ſmall-annutus at the bot- 
tom of the tube, muſt have quitted the contact of 
the other water, and have riſen contrary to their gra- 
vity, to come into contact with the glaſs. After the 
fame manner the other experiments of Dr. Taylor, 
Mr, Hauſßſbee and myſelf, upon this ſubject, are eaſi- 
ly explicable. For upon a careful examination, it 
will be found in them all, that ſome parts of the water 
quit the contact of the other water, and join them- 
{elves to the glaſs, 

Prop. 6. The particles of quickſilver are more ſtrong - 
ly attrafied by one another, than by glaſs. __ 

Exe, 1. If a ſmall tube as ab, Fido. 55, open at 
both ends, be dipt into a glaſs veſſel filled with mer- 
cury, and be held cloſe to the fide of the veſſel, that 
the riſe of the mercury within it may appear; the 
mercury will partly enter into the tube, but will 
ſtand within it at ſome depth, as ce, below cd the 
ſurface of the quickſilver in the veſſel, and this depth 
will always be reciprocally as the diameter of the 
tube. 

In this experiment a column of quickſilver of the 
height ce endeavours to force the mercury higher in- 
to the tube; and as glaſs has been already proved to 
attract quickſilver, the attraction of the annular ſur- 
face on the inſide of the tube, which is contiguous | 
to the upper part of the mercury, will likewiſe con- 
ſpire to farther its aſcent, What oppoſes the aſcent 
of the quickſilver, is the power, by which that part 
of it, which endeavours to riſe into the glaſs, is drawn 
back by the attraction of the other mercury, with 
which it is in contact Jaterally, and this does not only 
ballance the attraction of the glaſs, but likewiſe the 
weight of a column of mercury of the height ce, and 
conſequently this attraction is conſiderably ftronger 


than the attraction of the glaſs, 
20 | . The 
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The cauſe therefore, that ſuſpends the weight of 
the column of mercury ce, being the difference be- 
tween the attraction of the annular ſurface of the 
tube at e, and that of an equal ſurface of the quickſil- 
ver in the ciſtern, from which the mercury, that en- 
deavours to riſe into the tube, muſt recede, in order 
to unite itſelf to ſuch an annulus of the glaſs, will al- 
ways be proportional to that annular ſurface, or to 
the diameter of the tube. And fince the column ſuſ- 
tained muſt be proportional to the cauſe that ſuſpends 
it, that column muſt likewiſe be as the diameter of 
the tube. But the column ſuſpended is as the ſquare 
of the diameter of the tube, and the height ce con- 
Jointly ; from which it follows, that the height ce 
muſt be as the diameter of the tube reciprocally, as 
it is found to be by experiment. 

The experiment of the aſcent of water above the 
level in a capillary tube, is juſt the reverſe of this. 

Exe. 2. Quickſilver being poured into the in- 
verted ſiphon ach, FI O. 56, one of whoſe legs ac is 
narrower than the other ch; the height ce, at which 
the mercury ſtands in the wider leg ch, is greater 
than the height cd, at wifich it ſtands in the narrower | 
leg ca. 

On the contrary, water ſtands higher in the nar- 
rower leg, than in the wider. 

Exp. 3. In Ft. 57, abcd repreſents a rectangu- 
lar plane of glaſs, which makes one fide of a wooden 
box. On the inſide of this is another glaſs plane of 
the ſame ſize, which at the end ac is preſt cloſe to 
rhe former, and opens to a ſmall angle at the oppo- 
ſite end bd. When mercury is poured into this box 
to any height as ce, it inſinuates itſelf between the 
two glaſs planes, and riſing to different heights be- 
tween che glaſſes, where the opening is greater or 
leſs, it forms the common hyperbola cf; one of 
whoſe aſymptotes ꝙ is the line on which — 
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of the mercury in the box touches the inner glaſs; 
the other is the line ac, in which the planes are joined, 
This hyperbola being carefully examined by Mr. 
Haukſbvee and myſelf, the rectangles ehg, whereſoever 
taken, proved always equal to one another, to as great 
an accuracy as could be expected, when the planes 
were opened to any conſiderable angle: but when the 
opening was very ſmall, the inequalities of the planes, 
though the beſt I could procure, bearing a greater 
proportion than before to the diſtance between them, 
occaſioned a ſenſible variation. Which, by the way, 
I take to be the reaſon, why the ordinates found 
the late Mr. Haukſbee, in in examining the curve 
produced in a contrary ſituation, upon dipping two 
glaſs-planes ſo joined into ſpirit of wine, do not an- 
{wer to thoſe of the hyperbola. 

Exp. 4. In Fs. 58, ab is a perpendicular ſection 
through two glaſs planes joined at a, and opened to a 
ſmall angle at b; c repreſents a pretty large drop of 
mercury, the larger the better, which being made to 
deſcendas far as c, by holding the planes in an erect 
poſture, with the end a downwards, retires from the 
contact of the planes to d, upon inclining the planes 
towards an horizontal ſituation; and the diſtance cd 
becomes greater or leſs, as the planes are more or 
leſs inclined towards the horizon. | 

A drop of any oily or watery liquor moves the 
contrary way, as has been ſhewn by the late Mr. 
Haukſvee. | 

Exp. 5. In Fis. 59, ab is a tube open at both 
ends, and a foot or two in length, whoſe lower part 
is drawnout into a fine capillary at h. This tube be- 
ing filled with mercury, the whole column of quick- 
ſilver will be ſuſtained in it, provided the capillary 
tube at þ be ſufficiently ſmall. But if the mercury in 
the end -b be ſuffered to touch any other mercury, it 
runs all out of the tube. If, without letting it touch 

| any 
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any other mercury, a ſmall part of the end þ be 
broken off, the mercury will run out, till it comes 
to ſome leſſer height as be, at which it will again 
ſtop, the height bc being nearly in a reciprocal pro- 
28 to the diameter of the ſmall end of the 
tube. 

The ſeventh experiment in the former paper is 
the reverſe of this. | 

Exp. 6. Is the ſame in ſubſtance with the former, 
but made with a large glaſs-funnel ab, inſtead of a 
tube, F1s. 60. 

The reverſe of this in water is the thirteenth ex- 
periment in the former paper. 

In all theſe experiments it is eaſily ſeen, that the 
effect is owing to the difference between the two at- 
tractions, by which mercury tends to glaſs and to its 
own body; they being always oppoſed to one ano- 
ther, ſo that a particular explication is no way ne- 
ceſſary. But perhaps it may ſave ſome little trouble 
to the reader, to remove the following objection, 
which will readily occur to him. 

In the experiments brought to demonſtrate the 
fourth propoſition, the globule of mercurꝝ adheres 
to the glaſs in a plane ſurface, which cannot be done 
without increaling the ſurface of the globule, and 
conſequently removing ſome of its particles from 
the contact of one another, If theretore they tend 
more ſtrongly to one another than to the glaſs, why 
do they not recede from the glaſs, and aſſume a fi- 
gure perfectly ſpherical; that they may all have 
the greateſt contact with each other? 

To this we may anſwer, that the power by which 
mercury, is attracted either by glaſs, or by other 
mercury, is proportional to the attracting ſurface 
and therefore, though, ceteris paribus, the tendency 
of mercury to glaſs, is not ſo ſtrong as its tendency 


to other mercury, yet in this caſe a much greater 
| number 
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number of mercurial particles coming into contact 
with the glaſs, than what recede from the contact of 
one to another, it is no wonder that the attraction of 
the glaſs preyails, and cauſes the globule ro adhere 
to it. For the number of mercurial particles which 
loſe their contact with the other mercury, is no more 
than what makes up the difference of ſurface, which 
ariſes from changing the figure of the drop ; whereas 
the particles, which by this means come to adhere to 
the glaſs, are all thoſe that conſtitute the plane ſur- 
face, in which the globule touches it. 

Which conſideration ought likewiſe to be applied 
to the ſuſpenſion, of quickſilver in glafs-tubes, either 
at extraordinary heights in the open air, or at leſſer 
heights in a vacuum, as above-mentioned. For the 
top of the tube being ſpherical, or nearly fo, it will 
be found, that the contact of the mercury with the 
extremity of the tube, is to the contact with other 
mercury, which would be gained by its leaving the 
top of the tube, and deſcending a very ſmall ſpace 
in a ratio infinitely great; and conſequently that the 
contact of the mercury with the top of the tube is 
one cauſe of its ſuſpenſion, Feu 

Corol. 1. From this propoſition it appears, that in 
a barometer made with a narrow tube, the quickſil- 
ver will never ſtand at ſo great a height as in a wider. 
Which accounts for the phænomenon ſo often men- 
tioned, in the yearly hiſtory of the Royal Academy 
of Sciences at Paris, by Monſ. De la Hire; that in 
the barometer, which he conſtantly made uſe of for 
his annual obſervations, the quickſilver did not rife 
ſo high, as in another he kept by him, by about 
three lines and a half, which is near a third of an inch 
our meaſure : for he tells us, that the tube of his ba- 
rometer is very ſmall. So that there is no need to 
have recourſe to any peculiarity, either in the quick- 


ſiloer or the glaſs of which that tube was made; or 
| to 
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to an unperceived remnant of air left in the tube, 
from ſome of which cauſes that effect, and ſome o- 
thers of the ſame kind were imagined to proceed. 

Corol. 2. In a barometer made with a ſmall tube, 
the mercury will riſe and fall irregularly. For, as 
the height of the mercury depends partly upon the 
diameter of that part of-the tube that touches the 
upper ſurface of the mercury, it is plain, that the 
unavoidable inequalities in the diameter of the tube 
will be more conſiderable, in reſpect to the whole 
diameter; and confequently will affect the height 
of the mercury more in a ſmall tube than in a wider. 
And this I take to be the reaſon why it is fo very 
difficult, not to ſay impoſſible, to make two barome- 
ters which ſhall exactly agree in the height of the 
quickſilver in all conſtitutions of che air, eſpecially 
if the tubes be very narrow. This irregularity is ſtill 
more conſiderable in the pendent barometer, in 
which the quickſilver moves through a large ſpace, 
in order to make a ſmall alteration in the length of 
the column ſuſpended. The ſame confideration is ea- 
ſily extended to thoſe levels, that depend upon the 
riſing of mercury to the ſame height, in the oppoſite 
legs of a bent tube; an inſtrument of which kind has 
been lately offered. And as the effect is juſt contra- 
ry in levels made with water or ſpirit of wine, due 
regard ought to be had to this property in the con- 
ſtruction of thoſe inſtruments, by making the tubes 
ſufficiently wide, in order to diminiſh the error as 
much as poſſible. 
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Page 
9, OTE (5) ſect. 2. inſert Fig. 5. 
9, Note (c) inſert Fig. 6. 


13, line 12, r. the plate. 
20, laſt line, r. within the legs, when the ſyphon is full, wil 
Ec. 


40, Note (a) line 3, for vial, r. bottle. 
41, line 4, r. than. 

42, Note (5) line 8, read, A+B. 
44, line 24, read, tell. 
59, line 6, r. might . 
6o, line 3, r. into E 

61, in the Table, r 5, ax Maple ———o. 755. 
62, line 32, r. ſulphureous. 
75, line 17, r. poſteriori. 

76, line 22, for aſcend, r. deſcend. 
83, line 17, r. Peripateticks. 
84, line 6, dele the. 
84, line 24, r. filled with. 
88, line 24, r. breath. 

109, line 10, for leſs, read legs. 

109, line 31, r. equilibrium. 

113, — 14, dele the. 

113, line 21, r. up to 34. 

133, line 23 f. afforded. 

240, line 12, r. found by, dele in. 
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ADVERTISEMENTS. 
Londen Apr. 25, 1738. 


Printing at Cambridge in Quatto, tw = om 
the latter end of May or the beginning of 


A COMPLEAT SYSTEM OF orricks in four Books, viz. 
Popular, a Mathematical, a Mechanical and a Philo- 
K to which are added Remarks upon the 
whole, by RonzrT SMITH, LL. D. Maſter of Me- 
chanicks to HISMAJESTY, and Profeſſor of Aſtrono- 
my and Experimental Philoſophy at Cambridge. 

Sold by Corr. Crownfield Printer at Cambridge, and S. Auſten 
Bookſeller at the Angel and Bible in St. Paul's Church- 
yard, London; and by them delivered to the Subſcribers, on 
payment ofthe remaining half guinea: the price of the Books 
unſubſcribed for is 25 ſhil. the ſmall paper, and 36 the larger. 


Where likewiſe may be had, 


HARMONI4A MENSURARUM, five Analyſis & 
Syntheſis per Rationum & Angulorum Menſuras promotæ: 
accedunt alia Opuſcula Mathematica, per RooERUM 
Corgs run. Edidit & Auxit RoBERTVUs SMITH, 
Collegii S. Trinitatis apud Cantabrigienſes Socius, Aſtrono- 
miæ & Experimentalis Philoſophiæ poſt CoTESIUM Pro- 


. feflor: CANTABRIGLIE, M DCC XII. 4. 


BOOKS Printed for STEPHEN AusrEx, at the 
Angel and Bible in St. Paul's Church- yard. 


In the Preſs, 


I. HE Elements of Sir Isaac NewrTox's Philoſophy 
explain'd and adapted to all Capacities. Tranſlated 

from the French of the celebrated Mons1zur DE VoLTairE. 
II. A Compendious and Methodical Account of the Principles 
of Natural Philoſophy, as explained and illuſtrated in the Courſe 
of Experiments, performed at the Academy in Little Towwer- 
Street. By Bexjamin WorsTER, A. M. The Second Editi- 
on. Reviſed and Corrected, with large Additions, by the Au- 


gro, | | » « | 

III. The Uſefulneſs of the MaTHeMarics demonſtrated : Be- 
ing MATHEMATICAL LECTUREs read in the public Schools at 
the Univerſity of Cambridge. By I8saac Barrow, D. D. Pro- 
feſſor 'of the Mathematics, and Maſter of Trinity College To 
which is prefixed, The Ox ATORICAL PRETACE of our Learn- 
ed Author, ſpoke before the Univerſity, on his being elected Lu- 
ASIAN Profeſſor of the Mathematics. Tranſlated by the Reve- 
rend Mr. Joun KizxkBy, $8. h 

IV. GEoMETRICAL LECTURES, read before the Univerſity 
of Cambridge. By Isaac Barrow, D. D. Tranſlated by 
EpmuNnD STONE, F. R. S. 8'*. 

V. A Compleat Sys TEU of GENERAL GEOGRA- 
PHY : explaining the Nature and Properties of the Earth; wiz. 
Its Figure, Magnitude, Motions, Situation, Contents, and Divi- 
ſion into Land and Water, Mountains, Woods, Deſarts, Lakes, 
Rivers, Fe. With particular Accounts of the different 2 
ances of the Heavens in different Countries; the Seaſons of the 
Year over all the Globe; the Tides of the Sea; Bays, Capes, 
Iſlands, Rocks, Sand- Banks, Shelves, &c. Written originally in 
Latin, by BERX HARD VARENIUs, M. D. Illuſtrated with Dr. 
Jury and Sir Isaac NEWTOx's Notes. In 2 vol. 8, 

VI. The PkrLosopnAICAL TRANSACTIONS, from the Year 
1720 to the Year 1733, Abridged and Diſpoſed under general 
Heads; being a Continuation of Low THoRP and Joxss, 2 Vols. 
4%. By Mr. Eaves, F. R. S. and J. MART YA, F.R.S. 

VII. BrBLioTHECA HISTORIcOSACRA; or, an HisTo- 
RICAL LiBRARY of Matters relating to Religion; Ancient and 
Modern; Pagan, Jewiſh, Chriftian, and Mohammedan, under 
the following Heads; 1. Objects of Religious Worſhip, Deities, 
Idols, &c. 2. Places of Religious Workip, Temples, Churches, 


Moſques, &c. 3. Perſons dedicated to Religion, Prieſts, Religious 
Orders, &c. 4. Times of Religious Worſhip, Fafts, Feſtivals, 
c. 5. Sacred Books and Writings, &c. 6. Sects, Hereſies, 
| Doctrines, 
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Dottrines, Opinions, &c. 7. Rites, Ceremonies, Utenſils, Ha- 
bits, c. Comprehending likewiſe a View of the ſeveral Religi- 
ons of the World, with reſpect to the People or Nations proſeſſin 
them. Alfo an Hiſtorical and Critical Diſlettation on the Rite 
and Progreſs of true and falſe Religions in all Ages of the World. 
The whole compiled from the beſt Authorities, and digeſted into 
an Alphabetical Order. By Tomas BroucuTox, A. M. 
Reader at the Temple Church. 

VIII. The Works of the Right Reverend Gonk Burr, 
D. D. late Biſhop of Sz. Davids. Concerning the Holy T RI- 
NIT V. ing of, 1. The Deſence of the Nicene Creed. 
2. The Judgment of the Catholic Church, of the three firſt Cen- 
turies, concerning the Neceflity of believing that our Lord ] E- 
SUS CHRIST is true GOD, aſſerted againſt M. Simon Epi 
copius, and others. 3. The Primitive and Apoſtolical Tradition 
concerning the received Doctrine of the Catholic Church, of our 
Saviour JESUS CHRIST's Divinity, aſſerted and plainly 
proved againſt Daniel Zuicker, a Pruſſian, and his late Diſciples 
in England. Tranſlated into Eng/z, with the Notes and Obſer- 
vations of Dr. Grabe. And ſome Reflexions upon the late Con- 
troverſies in this Doctrine. In two Volumes. By Fzxancis 
HoLLanD, M. A. Rector of Satton, Wilts, and Chaplain to the 
Right Honourable Tom as Lord Viſcount Weymouth, 

X. Di&imarium Pohygraphicum : Or, the whole Body of Arts 
regularly digeſted. Containing. 1. The Arts of 
Drawing, Painting, Waſhing Prints, Limning, Japanning, Gild- 
ing, in all their various Kinds . Allo Perſpective, the Laws of 
Shadows, Dialling, &c. 2. Carving, Cutting in Wood, Stone, 
Moulding and Caiting Figures in Plaiſter, Wax, Metal, alſo En- 
graving, and Etching Mezzotinto. 3. A brief Hiſtorical Account 
of the moſt conſiderable Painters, Sculptors, Statuaries, and En- 

vers, with thoſe Cyphers or Marks by which their Works are 
— 4. An Explanation of the Emblematical and Hierogly- 

hical Repreſentations of the Heathen Deities, Powers, Human 
Paſons, Virtues, Vices. c. of great Uſe in Hiſtory Painting. 
5. The Production, Nature, Refining, Compounding, Tranſmu- 
tation, and Tinging all Sorts of Metals and Minerals of various 
Colours. 6. The Arts of Making, Working, Painting, or Stain- 
ing, all Sorts of Glaſs and Marble ; alſo Enamels, the Imitation 
all Sorts of Precious Stones, Pearls, &c. according to the 
Practice both of the Ancients and Moderns. 7. Dying all Sorts 
of Materials, Linnen, Woollen, Silk, Leather, Wood, Ivory, 
Horn, Bone ; alſo Bleaching and Whitening Linnen, Hair, &c. 
8. The Art of Tapeſtry-Weaving, as now performed in England, 
Flanders, and France, either of the high or low Warp; allo ma- 
ny other curious Manufacturies. 9. A Deſcription of Colours, 
atural and Artificial, as to their Productions, Natures, or . 
ties, 
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lities, - various Preparations, Compoſitions, and Uſes. 10. The 
Method of making all Kinds of Inks, both Natural and Sympa- 
thetical ; and alſd many other Curioſities not here to be ſpecified, 
w r e 


in any Language. 
. The BuiLpzR's N or, Gentleman and Ar- 
chiteRs Companion 5 the Terms of Art in 
all the ſeveral Parts of A + Aga o containing the The- 


pry and Practice of the various Branchen thereof, requiſite to be 


bers, &c. Alſo neceflary Problems in Arithmetic, Geometry, 
Mechanics, P , Hydraulics, and other Mathematical 
with the Quantities, Proportions, and Prices 
E N — Directions — 
them: evera 
the Five de Fir G af Archite@re, and all their ——_ 
ing to Virruvivs, Paiikbis, SCAMOZ21, VicworL a, 
M. Lx CI EAS, &c. Being a Work of great Uſe, a - 
— ay Rocce Ge dent and ae e . pproved 
Buil c digeſted from the moſt a Wri- 
— Subjects. Wick Rules for the Valuation of Houſes, 
and the calculated for erecting any Fabric, great or 
fmall, 2 Vols. 8'*. with Cuts, Ve have peruſed theſe two Vo- 
Fumes of the Builder's 1 and do think they contain a great 
deal of uſeful Knowledge in the Building Buſineſs. Nic hol As 
Hawxrimoor, Journ Janes, James Ginss. 
XI. The METRO or FLux1ons and Infinite Series, with 
its Application to the Geometry of Curve-Lines. By Sir Is AA c 
NewrTox, Kt. Tranſlated with Annotations, Illuftrations and 
a 8 ment. By Joux CoLlson, A.M. F. R. S. 
The Works of VIX GIL: Tranflated into Engl; Blank 
Verſe. With large Explanatory Notes, and Critical 1 Obſerva- 
ons. By Joserx Trarey, D. D. In three Volumes, 120. 
XII.“ M. J. Jutini ex Ty i Pompeii Hiſtoriis Externis. Li- 
bri XLIV. Quam dili ex variorum exemplorum colla- 
tione recenſiti & caſtigati. To which is added, the Words of 
sri diſpaſed in a grammatical or natural Order, in one Co- 
, ſo as to anſwer, as near as can be, Word for Werd to the 
Engliſh Verſion, as literal as poſſible in the other. Defigned for 
the cafy and expedition learning of JusTin, by thoſe of the 
meaneſt Capacity, with Pleaſure to the Learner, and without Fa- 
to the Teacher. With Chronological Tables accommoda- 
ted to JusTin's Hiſtory. And alſo an Index of Words, Phraſes, 
ud moſt remarkable Things ac, ona By N. 
AILEY 


